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Summary

The project developed materials for an innovative, new approach to calculus for
students in business, economics, liberal arts, management, and the social sciences. With

. the themes of rates of change and accumulation of change and their interp.retations in real-

life situations, the materials are data driven, technology based, and feature a unique
modeling approach. With a focus on fundamental calculus concepts and their relevance and
utility in non-scientific careers, the materials stress the development of conceptual
understanding without the traditional accent on algebraic skill and technique, emphasize
group work on team projects that involve mathematical decision making and the
interpretation of results, and use technology as a tool for the learning of mathematics in an
active, constructive environment. The products are being implemented in a variety of post-

secondary and some Secondary institutions.

Project Director: Contact:
Donald R. LaTorre Iris B. Fetta
Department of Mathematical Sciences Department of Mathematical Sciences
Clemson University Clemson University

Clemson, South Carolina 28634-1907 Clemson, South Carolina 28634-1907
e-mail: iris_fetta@quickmail.clemson.edu

Products of the Project:

Calculus Concepts: An Informal Approach to the Mathematics of Change, Preliminary
Edition, D. LaTorre, J. Kenelly, 1. Fetta, C. Harris, L. Carpenter, D. C. Heath and
Company, August 1995, ISBN: 0-669-39865-9

Calculus Concepts: An Informal Approach to the Mathematics of Change, Preliminary
Edition Multivariable Chapters, D. LaTorre, J. Kenelly, 1. Fetta, C. Harris, L.
Carpenter, D. C. Heath and Company, January 1996, ISBN: 0-669-41803-4

Instructor’s Guide with Complete Answer Key to accompany Calculus Concebts: An
Informal Approach to the Mathematics of Change, Preliminary Edition, L. Carpenter,
D. C. Heath and Company, August 1995, ISBN: 0-669-39868-3 :

Graphing Calculator Instruction Guide to accompany Calculus Concepts: An Informal
Approach to the Mathematics of Change, Preliminary Edirion, 1. Fetta, D. C. Heath
and Company, August 1995, ISBN: 0-669-39869-1
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Executive Summary

Project Title: Revitalization of Nonstandard Calculus

Grantee Organization: Clemson University
Department of Mathematical Sciences
Clemson, South Carolina 28634-1907

Project Director: Donald R. LaTorre
Department of Mathematical Sc1ences
Clemson University -
Clemson, South-Carolina 28634-1907

" Contact: _ Iris B. Fetta

Department of Mathematical Sciences
Clemson University
~ Clemson, South Carolina 28634-1907
_Telephone: (864) 656-5212
e-mail: iris_fetta@quickmail.clemson.edu

Project Overview

The goal of the project was to develop, test, and implement innovative, up-to-date.
courses in Clemson University’s two-semester applied-calculus sequence for students in
business, economics, agriculture, liberal arts, management, and the social sciences. Our
objective was to design each of the courses to improve conceptual understanding and
learning by involving students with new materials in a way that is significantly different
from current practice: incorporating concepts and topics from calculus that are relevant and
useful in non-scientific careers, providing experience with mathematical modeling,
focusing on concepts and their relationships, requiring the use of technology, and
conducting the courses in an active, constructiveé environment.

Purpose

For all their notable successes, the changes in the teaching and learning of calculus
spawned by the “calculus reform” movement are seen almost entirely within the
“mainstream” calculus taken primarily by those who would be scientists or engineers.
Conspicuously missing have been similar reform efforts directed toward the revitalization
of calculus courses designed for students in business, economics, liberal arts, and the
social sciences -- courses referred to as “business” or “applied’”” calculus by the mathematics
teaching community. While faculty in business, economics, management, and the social
sciences have responded to today’s contemporary need for quantitative understanding in a
global economy by adding mathematics requirements which typically include one or two
courses in nonstandard (business) calculus, these courses are taught almost exclusivelv
within mathematics departments. These courses universally suffer from inappropriate
content, fail to incorporate realistic applications, and are largely untouched by the graphics
calculators and microcomputers that are energizing the mainstream courses. Thus, this
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project was conceived in response to a need to restructure the content, spirit, and
methodology of Clemson’s two-semester business calculus sequence so as to better prepare
non-technical students for their ultimate careers. :

Background and Origins

The project began in the 1992-93 academic year with the hope of improving learning
and understanding of calculus concepts by involving students with a fresh, new approach
in a way that was to be a significant improvement over current methods. Beginning efforts
were driven by our new philosophy that students can learn the fundamentals of calculus
and how they apply to real-life situations without a high level of algebraic skill. This
philosophy resulted in a new goal; namely, to develop. conceptual understanding rather than
algebraic prowess. We felt this goal could be achieved with a new vehicle for learning:
graphics calculators. Introduction of the calculators into the course facilitated a new
approach -- that of examining real-world situations from graphical, numerical, and analytic
perspectives. Calculators were loaned to students for the duration of their courses during
the first two years of the project since it was considered inappropriate to require them to
purchase their own units during periods of experimentation and development. Because of
the unusual scope of the project, we were successful in obtaining substantial external
support from Sharp Electronics Corporation and Texas Instruments through a loan of 140

- Sharp EL-9300 graphics calculators in the fall of 1992 and 150 TI-82 graphics calculators

in the fall of 1993. The calculators were loaned to students under signed loan agreements.

Project Description

The project began in the 1992-93 academic year with the development and offering of
experimental prototypes of each of the two targeted courses, Business Calculus I and II. In
the summer of 1993, immediately following the prototype courses, the staff modified and
redeveloped each of the courses in light of the prototype experiences and the preliminary
evaluations. They also resolved several significant technology-related issues that surfaced
during the prototype courses. The 1993-94 academic year was spent developing and
teaching two pilot versions of each of the earlier prototypes of the two courses. The
instructional staff for the pilot classes was expanded to include teachers other than project
participants in an effort to gather evidence of our approach in a variety of settings with a
variety of instructors. The summer of 1994 was directed towards refining the pilot
courses, preparing organized, written versions of ‘the preliminary materials for both
courses, and training Clemson University mathematics instructors. During the 1994-95
academic year, the newly developed courses were incorporated into the mathematics
program at Clemson University by offering these courses in all sections of Business
Calculus I and II. Xeroxed copies of the course materials were purchased by students at
minimum cost from a local copy shop and replaced a standard textbook in both courses.
The spring of 1995 was devoted to final organization of the multivariable chapters for
Business Calculus II, preparing written course supplements, and organizing the

. preliminary version of a text containing the project materials for publication.

Project Results

The project has been immensely successful in achieving large-scale implementation of
its philosophy and products on the Clemson campus. It has evolved from six prototype
courses the first year to full implementation in all forty-four classes at Clemson in year
three (over 1,500 student enrollments).
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Because of its new focus and data-driven approach, this project is attracting national
interest. During the third year of the project, thirteen institutions across the country served
as informal field test sites for our materials and approach. In July of 1995, several
representatives from institutions across the U. S. and Canada met in Clemson, S. C. for a
three-day conference introducing the new materials. The conference focused on how the
instructors could use the materials to their best advantage. -The project staff gave seminars
on how they used the materials in their classrooms and-where they had difficulties and
successes along the way. It is estimated that more than fifty institutions are using our
materials during the 1995-96 academic year.

In order to document and evaluate the use of the Clemson project at selected test sites, -
we are fortunate to have been awarded another FIPSE grant, Disseminating a New
Approach to Calculus for Non-Technical Students (September, 1995). Areas of evaluation
at each of ten test sites include student performance, student attitudes and beliefs, impact on
instructional policy and curriculum, instructor perceptions, and transportability of the
project to other schools.

The popularity of the Clemson materials played a major role in the inclusion of the
logistic regression model in the Hewlett-Packard HP-38 (April 1995) and the logistic and
sinusoidal regression models in the Texas Instruments TI-83 (January 1996) graphing
calculators. ‘

The impact and results of this FIPSE project are described in the publication, or
pending publication, of 10 articles in an array of professional mathematical journals,

- conference proceedings, or other professional publications and 135 presentations at

national, regional and local meetings, conferences, seminars, and colloquia concerning the
project. . :

Summary and Conclusions

The project has more than met the specific goals outlined in the original proposal. We
have seen some remarkable changes over the three years: students are experiencing
mathematics in a different way than they have before, with a different emphasis that
genuinely interests and involves them. Although we haven’t seen an improved withdrawal
rate, we have seen a lower failure rate, and more importantly, much improved student
attitudes. We are providing students with skills and knowledge that will likely serve them

“well in the future and providing them with a realization that common sense and the ability to

analyze the reasonableness of answers must be part of doing mathematics.

Even though the extent to which the project is meeting its stated overall goal of
improving student learning of basic calculus concepts has been difficult to measure with
traditional objective measures on a comparative basis because the project represents a new
paradigm for the learning of calculus, we have evidence from common final exam
questions that students are retaining key concepts. The judgment of the project’s external
evaluator is that the performance on these questions as a whole is acceptable. Do students
at other colleges who have studied this material do as well as Clemson students? The
evaluation states “Clearly, if the performance is satisfactory for Clemson students (and we
believe it is), then it is also satisfactory for students at other colleges -- since the profiles of
the graphs [of exam question results] are basically indistinguishable.” ‘

The products of this project --the text Calculus Concepts: An Informal Approach to
the Mathematics of Change, Preliminary Edition and its associated supplements, are being
regarded by many business and mathematics instructors as benchmarks for a revitalized
approach to the teaching and learning of calculus for students in non-technical careers.
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Revitalization of Nonstandard Calculus
Final Report

Project Overview

The calculus courses for students majoring in businesé, gconomics, management, liberal
arts, social sciences, and other non-technical majors found on most college and university
campuses universally suffer from inappropriate content, fail to incorporate realistic
applications, and are largely untouched by technolégy. This project was conceived to
respond to this situation by developing, testing, and implementing innovative, up-to-date
courses in nonstandard, or “business” calculus, the calculus taken by many of our future
national leaders.

The primary goal of the project is to restructure the content, spirit, and methodology in
Clemson University’s two-semester business calculus sequence in order to improve student
~ learning and to better prepare non-technical students for their ultimate careers. Each of the
two courses involve students with fresh, new material in ways that are a significant
improvement upon current practice. We seek to develop conceptual understanding of
important calculus concepts with instruction and applications that are relevant and useful in
non-technical careers, provide realistic experiences with mathematical modeling, focus on
concepts and their relationships instead of overemphasis on algebraic manipulations and
skills, require the use of technology, and conduct the course in an active, constructive
environment from multiple perspectives.

By almost any account, we feel that the project has made a noticeable impact on the

.Clemson campus and overall has had extraordinary success. Namely,

« At Clemson, the project has evolved from six prototype classes in the first year to
thirteen pilot classes in the second year, and is currently in year three in full
implementation in all forty-four classes (over 1,500 students). The instruction staff
has expanded from the project participants to include 14 graduate teaching
assistants, 3 lecturers, and 5 other professors. All classes in year three are taught in
the standard class (size 35-40) format.

» National interest in the project appears to be keen as evidenced by attendance at the
mini-courses, workshops, and presentations the project staff has conducted at local,

regional, and national conterences.

e Thirteen institutions across the country served as informal field test sites for the
project materials and approach during the third year.
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A two-day workshop for 30 faculty from across the U. S. and Canada was held at
Clemson in July, 1995. The participants interacted with the principals in this project
to learn about our new content, philosophy, methodology, and technology.

The project materials were published by D. C. Heath and Company in July, 1995
. and were considered to be a major acquisition by Houghton-Mifflin Publishers
when they purchased D. C. Heath in December, 1995. D. C. Heath also made a
major financial commitment, other than standard marketing techniques, to the

- dissemination of the project materials.

An internet discussion group was established in September, 1995 and provides all
test sites with the opportunity to converse with the authors of the text and each other

on topics relating to the courses and materials.

It is estimated that over 50 colleges, universities, or secondary school_s are using the
text in the 1995-96 academic year. '

The publication, or pending publication, of 10 articles in an array of professional
mathematical journals, conference proceedings, and other professional news media
describe the impact and results of this FIPSE project.

135 presentations at national, regional, and local meetings, conferences, seminars,

and colloquia concerning this project in whole or part have been made. Mostof

these were by invitation, as opposed to routine submission by contributors.

The popularity of our modeling approach is causing changes on a national scale in
current technology as evidenced by the inclusion of the logistics model in the
Hewlett-Packard 38-G graphing calculator and the logistics and sinusoidal
regression models in the recently introduced Texas Instruments TI-83 graphing |
calculator.

The staff has been invited to submit the Clemson Project in the First Annual Awards
Competition for Innovative Programs Using Technology in Mathematics Service
Courses. Awards are sponsored by the Annenberg/CPB Project and NSF through a
grant to Central Michigan University. -

The Clemson Project was selected for inclusion along with seventeen of the other
(mainstream) Calculus Reform projects that have been written in recent years in a
publication for Calculus Reform Workshop participants under Don Small’s and
Wayne Roberts’ NSF project.



¢ Clemson University was recently awarded by FIPSE a grant to conduct a
comprehensive, national dissemination program for the project materials. The 1995-
96 academic year’s portion of the grant will assist a group of ten institutions in
implementing the new approach on their own campuses and document student
reaction and performance, instruction of the project materials, instructor perceptions,
“and transportability.

Future plans include more interdisciplinary communication with and evaluation by
_departments whose students are using the project materials, national dissemination work-
shops for interested faculty, publishing a semi-annual newsletter, and preparation of the
first-edition public'ation of the materials based on revisions responding to the project staff’s
classroom experiences and to test-site faculty and student comments.

Purpose

The past decade has seen many notable efforts directed towards the reform of the
teaching and learning of “mainstream” calculus; i.e., the calculus taken primarily by those
who would be scientists or engineers. Conspicuously missing have been similar reform
efforts directed toward the revitalization of calculus coursed designed for students in
business, economics, liberal arts, management, and the social sciences. These calculus
courses, often referred to as “brief”, “applied”, or “business” calculus, are offered primarily
as service courses within mathematics departments and are often taught by part-time
instructors or graduate teaching assistants. Frequently, a statistics course is taken by the
students populating the business calculus course(s), but there does not appear to be a general
standard as to whether or not the statistics course is taken preliminary to or subsequent to the
business calculus course. While faculty in business, economics, management, and the social
sciences have responded to today’s contemporary need for quantitativé understanding in a
global economy by adding mathematics requirements that typically include a course in’
nonstandard (or business) calculus, the mathematicians writing the textbooks for these
courses have failed to produce anything but a watered-down skeletal course in “traditional”
calculus that poorly serves these students’ long term needs.

The business calculus courses found on many éampuses often reflect content that is, at
best, of marginal relevance to the long-term career objectives of the students in the course
and are largely untouched by the technology that is helping to energize the mainstream
calculus courses. The students in these courses often suffer from mathematical anxiety, have
poor retention of algebraic skills, and see little relevance of the course material to their major
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fields of study or their lives. There is also ample evidence that the lecture approach very
often used in these courses does not work; it fails to captivate student interest at this level and
to encourage students to become active participants to their learning. Many of these students

will go on to become leaders in our country’s businesses, industry, and government. Since |
calculus is often the last mathematics course these students take, it seems imperative that their

. grounding in the subject should be reflective of its uses in our modern, information-based

society. :
In response to the apparent need for a “better way”, the project sought to design, test,
and implement new, relevant courses in Clemson’s two-semester business calculus
sequence. The project design called for developing prototype courses and refining them
based on classroom experience the first year, offéring pilot sections of each course the
second year with further refinement during the summer, and large scale introduction into the
Clemson program during the third year. '

Our understanding of the initial problem that this project addresses has not changed.

~ However, implementation of the materials made us realize that students and faculty are

sometimes hampered with using the course materials because of preconceived notions of
what “calculus” should be and that the format of prior courses taken by students in business
calculus is partially instrumental in their initial acceptance of our approach. . ‘

Background and Origiﬁ

With the successful completion of a prior FIPSE grant to integrate graphing calculators
on a broad basis in Clemson’s undergraduate mathematics courses taken by students with
science and engineering majors, Don LaTorre, John Kenelly, and Iris Fetta realized the need
for incorporating techndlogy in service courses taken by students with non-technical fnajo'rs.
After Ms. Fetta taught a trial section of business calculus in the Spring of 1992 with standard
materials and graphing calculators, it became apparent that much more than just incorpoiating
technology with a traditional text was needed for students in the business calculus courses.

Due to her innovative teaching methods and excellent teaching reputation, Cindy Harris
was asked to be a project participant. The project actually began in the Fall term of 1992
with FIPSE funding and the development of preliminary first course materials. Laurel
Carpenter, a doctoral student at Clemson, became very interested in the project and wrote
many of the problems used in the materials while teaching a pilot section of the course. Due
to the excellent and extensive nature of her work, she was invited to join the author team in

the second year of the project.
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One or both of the applied calculus courses offered at Clemson University are taken by
students majoring in such fields as animal science, general liberal arts, agriculture,
horticulture, financial management, English, visual arts, health science, packaging science,
political science, marketing, philosophy, economiés, history, building science, industrial
management, pre-physical therapy, speecéh, geology, architecture BA, accounting, and a

- variety of other “non-technical” majors. The majority of those students enrolling in

Clemson’s first course, hereafter referred to as Business Calculus I, are in the Collége of
Commerce and Industry, and the second course, referred to as Business Calculus II, is
populated by students primarily in that College. We therefore decided the emphaéis on
applications in our materials should be divided equally between business related topics and
other types of applications that would be relevant to a variety of major fields.

Calculators would be loaned to students for the duration of their courses during the
prototype and pilot phases since it was considered inappropriate to ask students to purchase
calculators during the deVelopment process. During the first two years, students in the
second semester of the course who had not had the first course with the project materials
were encouraged to change to traditional sections. Because of the unusual scope of the
project and Clemson’s past reputation for innovative teaching with graphing calculators, we
were successful in obtaining substantial external support from Sharp Electronics Corporation
and Texas Instruments. Sharp loaned us 140 EL-9300 graphics calculators in the fall of
1992. When Texas Instruments introduced the TI-82 model, it was evident to the project
staff that this calculator’s rich array of features and built-in models would make it easier to
use with course topics. We were fortunate to obtain the loan of 150 TI-82 graphics
calculators in the fall of 1993. Second semester business calculus students continued with
the Sharp calculator they had used in the first course, but all first semester students began
using the TI-82. All calculators were loaned to students under signed loan agréeménts. In
year three, students are required to purchase their own calculators. Even though instructors
use the TI-82, the graphing calculator manual that now accompanies the text allows students

o easily use a TI-82, TI-85, or Hewlett-Packard 48G/GX calculator.

Since the majority of students in Clemson’s business calculus sequence are in the
College of Commerce and Industry, the project staff made a presentation to that College’s
Curriculum Committee in the second year of the project. We were interested in their
reactions to our work and an informal assessment of the extent to which the faculty in
Commerce and Industry would support our etforts. The presentation was very well
received, and in the ensuing discussion the Curriculum Committee confirmed their strong

support for the changes we are making.

11



Project Description

When the ideas for this project began to emerge, staff participants discussed the job
requirements for students in non-technical mathematics courses with several regional
companies and listened to many “math in business and industry” related talks at regional and
. national mathematics meetings. Among the many issues discussed, the following job
requirements were mentioned in some form by everyone interviewed: '

¢ good communicator (writing skills)
e presentation skills (verbal skills)

* logical thinker

* technology skills

e group problem solving (essential)

We examined many different business calculus texts and could find none that addressed
more than one of these requirements. It was also evident that the high level of algebraic
manipulation required by most traditional texts overwhelms these non-technical students who
are not strong in algebraic skills and stifles their progress in calculus courses. - '

The project staff felt that these students needed a fresh, new approach to calculus
concepts i‘elevant to their careers that are not highly technical. We were convinced that the
development of conceptual understandings, not the mastery of algebraic technique, should be
the guiding philosophy of a modern business calculus course and decided to focus on key
calculus concepts and their relevance to a world of change. We agreed to carefully trim away
excess topics that tend to overwhelm and stifle the mathematical development of non-
technical students. To these ends, we decided the materials should feature a new classroom
dynamics with less lecturing, more student activity, interpretation and mathematical decision
making, and group work on team projects. Our objectives included incorporating concepts
and topics that are relevant and useful in non-scientific careers, focusing on concepts and
relationships, and requiring the use of technology so that the course could be conducted from
graphical and numerical as well as analytical perspectives.

To accomplish our goal, the project staff had to reconsider our understanding of
important ideas associated with the learning of mathematics. Several of these ideas are
unmistakably clear, and they are foundational to many projects that involve reform, including
ours. We use a constructive approach in that we feel students learn best by not simbly
remembering what they were told in a lecture but by privately constructing their knowledge
by their experiences with mathematics. A new classroom environment is strongly suggested
with our materials because learning takes place best when students are immersed in an



environment where inquiry is a natural occurrence. We feel that ongoing dialogues between
students and teachers, and between students in groups, are crucial to the development of
genuine understanding. The use of technology is essential with our materials for
connections to the world with real data, the break down of barriers imposed by the traditional
emphasis on purely analytical treatments, and the opportunity for insight through graphical
and numerical representations of problem situations. ' _

We also investigated the major areas of applications for math in industry. These appear
to be: o

* research (developing processes/product -- limited data)

* engineering (designing future products -- no data)
* manufacturing (process engineering/maintenance -- lots of data)
o marketing (selling the product -- lots of data) '

Since business students are most likely to be involved in manufacturing and marketing,
another objective we considered essential was to provide modeling experiences using real
data. In fact, the use.of technology allowed modeling to be a central theme of the project
materials. Introduced at the. onset are linear, quadratic, cubic, exponential and logistic'
models. We have found this approach to be extremely effective in capturing student interest -
since it is something they have not encountered in their past experiences and it presents an
opportunity to analyze real-world data. Most students have commented that it is this feature
of the materials that they feel shows the relevance of the mathematics in the course to their
lives and adds validity to the topics under study. The project staff has tried to ensure that the
subtleties of modeling are not the issue; rather, elementary models are used to obtain
functional relationships between variables. The functions represented by the models are the
ones on which the students conduct their calculus investigations. ' _

Other ideas associated with the learning of mathematics that have not been as evident
from the feform of mainstream calculus, but which have emerged as the true hallmarks of
our work in calculus for non-technical students are: '

* a new, narrower focus

The overarching theme of our material is rates of change and their interpretation in
non-technical settings: the derivative as a rate of change and the integral as the
accumulation of change. '

e mathematical models as a vehicle for learning

We discuss linear models (constant rates of change), exponential models (constant
percentage change), quadratic models (constant force for change), cubic models

bt
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(smooth, transitional change), and logistic models (exponential change with limiting
conditions). This presents opportunities to analyze real data that adds validity to the
topics under Stﬁdy and to put to rest the classic question, “Where is this ever going
to be used?” Interpretation and discussion of results from calculus investigations on
the functions given by the models becomes meaningful in the context of real life

situations.
« an interplay between the discrete and the continuous

Many everyday, real-live situations involving change are discrete processes. Such
situations can often be represented by continuous mathematical models so that the
concepts, methods, and techniques of calculus can be brought to bear. '

'« a new role for algebra

When everyday, real-life situations that are discrete in nature are repfesent_ed by
continuous mathematical models, the role of algebra is to describe and to enable us
to reason with the quantities that are undergoing change. This is in contrast to the
traditional role of algebra as a collection of organized manipulations and procedures
that are applied to obtain a numerical answer to a well-formulated problem.

+ mathematical interpretation and decision making

Of equal importance to understanding concepts of éalculu_s in the context of change
is the ability to correctly interpret the mathematics in real-life situations. The ability
to “make sense” of mathematics is vital to believing in its value and appreciating its

usefulness in our lives.

Implementation of this new approach and materials began with 6 prototype courses in
the 1992-93 academic year. Due to the sequential nature of the courses, the major effort was
directed towards Business Calculus I with 2 prototype courses taught during the Fall term, 2
in the Spring term, and one in the Summer session. One very tentative prototype of Business
Calculus II was taught that Spring term. - All prototype classes were randomly selected from
regularly-scheduled courses. These prototype courses accomplished several goals: a clearer
understanding of the students in the courses, a better understanding of the topics we should
and should not include in the course, and an affirmation that the changes we were proposing
can work in practice. During the 1993-94 school year, we refined and added substantially to
the prototype materials to develop a comprehensive manuscript for single-variable calculus.
That year we offered 4 pilot sections of Business Calculus I in the Fall and 3 in the Spring.
Two pilot sections of Business Calculus IT were taught in each of the Fall and Spring terms.




The summer of 1994 was spent further refining the comprehensive manuscript and writing
the multivariable calculus chapters for Business Calculus II. In April, 1994, the project
staff, after lengthy discussions with the entire mathematical sciences faculty, received
approval to use the project materials in all 44 sections of Business Calculus I and II offered
during the 1994-95 academic year. Over the course of the project, faculty and graduate
teaching assistant training has been an ongoing process.

Project Results

The results of the project will be summarized in four areas: Impact on Students Impact
on Faculty, External Impact, and External Evaluator’s Report.

Impact on Students

Unlike students in more technical fields who more clearly understand the need to
develop genuine understandiug of mathematics concepts, the typical business calculus
student views courses in mathematics as requirements to get out of the way as quickly and as
painlessly as possible. We initially knew of this problem and feel that we now genuinely
interest thcse students by involving real data. It is also becoming evident that students who
have had prior experience with “reform” previous courses, especially those using
technology, adapt much faster to our new philosophy. Students who are accustomed to a
lecture format wherein formulas and procedures are to be memorized and routinely applied to
template problems are often initially uncomfortable with our attempts to “involve” them in
thinking about the concepts and relating them to situations in new and non-traditional ways.
However, attitude surveys administered at the end of each semester to students in all sections
using the project materials clearly indicate that our students are overwhelmingly positive
about the changes we are making. An evaluation team has been gamCMgAMomaﬁon on
student learning and reaction since the onset of the project. Those results are summarized in
the external evaluator’s report.

One problem area arose that we did not ant1c1pate Students in these courses have
traditionally relied on help outside the classroom and the instructor’s office. They hire
mathematics graduate students as tutors, athletes in the courses rely on tutoring provided by
the athletic department, and many students ask for assistance from friends who have taken a
traditional version of the course. It soon became obvious that “traditional” tutoring by
persons not having knowledge of the calculator or the new approach was only confusing
students. We therefore found it necessary to inform all outside tutors of the changes we
were making and offer them training.

i
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We have seen some remarkable changes at Clemson. Many students are experiencing
mathematics in a different way than they have before, with a different emphasis that
genuinely interests and involves them. Although we haven’t seen an improved withdrawal
rate, we have seen a lower failure rate and, more imponantly, much improved student
attitudes. Student journals have been used as an effective means of communication by
student about their concerns. Beginning with the Fall 1994 term, “jump-start” sessions
offered at night during the first week of class have been effectively used by students without
graphing calculator experience. Also since the Fall 1994 term, Clemson has provided student
support for four hours a week an experienced graduate student available for tutoring help
with Business Calculus I materials and calculator use.

Imbact on Facuity

Due to the nature of the project materials, it was obvious from the start that communi-
cation of the philosophy of the project and training in using the materials for faculty as well
as graduate teaching assistants was a necessity. This was accomplished by summer work-
shops and weekly seminars during the Fall and Spring terms.

We also have become aware that we are causing faculty at Clemson and students-who
have previously been exposed to calculus topics to redefine their concept of “calculus”.
While we initially thought there may be some resistance to using technology, this has not
been a cause of concern by faculty or most students. However, group work and projects,
less lecturing, writing explanations in English rather than using only mathematical symbols,
interpreting answers, modeling, and the lack of extensive algebraic manipulation are new
concepts that must be examined and determined to have validity in the courses by those with
traditional backgrounds. '

During the first two years, other Clemson faculty became aware of changes in the
business calculus courses since they were asked to grade presentaﬁons of course projects.
One was a poster project and the others were oral presentations. Many faculty now perceive
that we are providing students with these skills and knowledge that will likely serve them
well in the future:

* an understanding that numerical answers are meaningless unless accompanied by a

coherent statement of interpretation,

e an awareness that sometimes mathematical models can describe well the behavior of

the world around us,

» an understanding that things change. and that knowing how fast they change can be

useful in a variety of situations,



e arealization that mathematics is not all black and white, and that common sense and
the ability to analyze the reasonableness of answers must be part of doing

mathematics.

External Impact

" As the projeét progressed, we found that many other schools also were dissatisfied with

* their current nonstandard calculus courses. Since we truly believe the Clemson Project offers

a relevant, realistic, and much improved approach to these courses than that offered by
traditional texts, dissemination of our materials became another aspect of the project. As part

~ of the third year activities, we conducted a three-day, residential workshop on the Clemson

campus during the summer of 1995 at which 30 faculty from across the U. S. and Canada
interacted with the principals in the project to learn about our new content, philosophy,

-mcthodology and use of technology. We also recently established an internet discussion

group for all test sites and other interested faculty using the project materials. Planning fora
semi-annual newsletter for project participants is currently under Way.

“The project has shown evidence of strong interest by other colleges and universities
across the country with thirteen informal test sites using the materials in 1994-95 and over 50
schools using the preliminary edition of the test during the 1995-96 school year. We had not
anticipated secondary schools using our materials, but many have become interested. We

estimate there are currently four high schools using the project materials.

External Evaluator’s Report

This. document is the external evaluation report of the FIPSE Project, 1992-1995,
Reviralization of Nonstandard Calculus, at Clemson. University under the direction of
Donald LaTorre. The report and associated Appendices contain the real names of students
and instructorsbin_volved in the project and should not be reproduced in any form without
their expressed consent. Dr. James W. Wilson, University of Georgia

A. Project Overview and Chronology of the Evaluation Process

The project, Revitalization of Nonstandard Calculus, was funded from the U. S.
Department of Education's FIPSE program in 1992. Its agenda was to improve student
learning of basic calculus concepts by developing materials and pedagogy quite different
from the current practice. The aims included the following:

a. Incorporate concepts and topics from calculus that are relevant and useful in non-

scientific careers.

11 ay
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b. Provide experience with mathematical modeling.
c. Focus on concepts and their relationships.

d. Require the use of technology.

e. Conduct the teaching of calculus for non-scientific career students in an active,

constructive environment from multiple perspectives.

Each of these aims are a variance with traditional practices. With all of the discussions
of reform in scientific calculus courses and reform in.the K-12 curriculum, very little -
attention had been paid to the courses for the non-scientific career students.

Our work on the evaluation began in éonjunctiori with Don LaTorre in the conceptu-
alization and planning of the project. - Professor Wilson had participated in previous
innovative projects at Clemson and Ms. Searcy was once a graduate assistant at Clemson,
teaching the Business Calculus courses offered there. We have maintained continuous
contact with the project form 1992 to 1995, although distance and responsibilities prevented
as much contact as we would have liked. It is important to recognize, however, that we have
worked with the project staff and instructional staff at Clemson to develop a comprehensive
description and documentation of the project. We have cooperated on the development of
instruments, and we have worked to make use of the instructional framework (e.g., student -
projects, student reports, syllabi, problem sets, etc.) for sources of information. A

In the summer of 1993, Ms. Searcy was a participant observer in the first teaching of
the developmental course. This involved being on the Clemson campus, attending all
classes, talking with students, talking with instructors and the project staff, gathering
materials, recording observations, and becoming very familiar with the material as it was
developed. In the fall of 1993, students presented final projects using their mathematical
modeling to teams of graders. We participated in this process as observers and have
continued to do so in subsequent terms. _

Student opinion/_feedback' questionnaires have been collected with each class taught at
Clemson. We have collected sample student projects, student journals, and tests. During
the 1994-95 school year, 13 institutions volunteered to test the new materials. We were able
to interview representatives from some of these schools. Also, in 1995, a s_maﬂ set of test
items were proposed by the project staff for gaining additional student performance data.
These were used in the evaluation at Clemson and some of the volunteer test sites. Much of
the material on which we are building the evaluation report is documented in the attached

evaluation appendices.
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B . The Materials

As a graduate assistant in the Mathematics Department at Clemson University (1989-
1992), Ms. Searcy taught both Business Calculus I and Business Calculus II. This was just
prior to the revitalization effort currently underway at Clemson. Although it is hard to
capture what happeris- in a classroom in two or three sentences, her classes were basically
characterized by a lecture format that closely followed the textbook (Calculus for Business,
Economics and the Social and Life Sciences, Hoffman and Bradley, 4th Edition, McGraw- .
Hill, 1989), no technology use other than a standard scientific calculator, and some
classroom discussion. Assessment was in the form of ten pop quizzes, four major tests, and
a comprehensive final exam. Students were not allowed to work cooperatively on these
assessment items. : _

In the Fall of 1992, Ms. Searcy came to the University of Georgia as a Ph.D. student in
the department of Mathematics Education. Her advisor, Professor Jim Wilson, had been
asked to be the primary evaluator for the Business Calculus Revitalization Project at Clemson -
that began that Fall. In the Spring of 1993, we met with Don and later with the rest of the
project staff to discuss how the evaluation would proceed. We reviewed the activities of the
prototype Calculus I course that had been offered Fall of 1992 and considered the proposed
goals for the project. If their aspirations were achie\}ed, the Business Calculus experience at
Clemson would have a very different composition than the traditional one described in the
above paragraph. Everything would take on a more dynamic nature.

The plans were that students would no longer be working with pre-fabricated functions; .
they would construct them from raw data using a modeling process. In fact, the curriculum
would be a reflection of the project staff's "vision", resulting in a series of course materials
written by the staff. Graphing calculators would provide greater access to a variety of
representations of everyday phenomena. Students would work cooperatively and be
involved in the conceptual development of topics from both a mathematical and an
application point of view. Although tests would still be important, assessment would have
to reflect these changes. ,

- The draft materials developed with these thoughts in mind, went through a multitude of
revisions, and involved the efforts of several individuals at Clemson University. In January
of 1995, D.C. Heath and Company was contracted. to publish these materials. The first
copies of the preliminary edition of CALCULUS CONCEPTS: An Informal Approach to
the Mathematics Change, Single Variable Edition came off the presses in late July of 1995.
Revisions of that edition are being made at the time of this report. The multivariable calculus
chapters for these materials were published as a separate supplement in January, 1996.

13
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C. The Operation of the Project

During the Fall of 1992, Professor LaTorre taught a Business Calculus I course and
Professor Fetta taught a Business Calculus II course with hopes of building a rough outline
of what the new curriculum should look like. Spring semester of 1993 was extremely busy
for the project staff as they organized, edited, and embellished on these thoughts and
- materials. Of course, like most codperative efforts, the collective "vision" meant collabo-
ration, communication, and compromise that resulted in dfafts, revisions and re-revisions.
This was not a trivial prdcess. The goal was to have the first trial run-through of.the
~ materials during the second summer session of 1993 that ran from June 30th to August 4th.
Observations from that class can be found in Appendix III-A. As the June 30th date
approached, only the first part of the written materials was ready for distribution. It was
agreed that the staff would continue to work on the remaining parts while John Kenelly
began teaching the expérimental Business Calculus I course. -Subsequerit parts would be
printed and distributed to students as they were needed in class.

Fall semester 1993 was spent refining the Business Calculus I materials and getting the
bulk work done on the Business Calculus IT materials. In the meantime, the new materials
were being used in three Business Calculus I courses.. This trend continued for the
remainder of the 1993-94 academic year. In the fall of 1994, a massive change was
instituted at Clemson University.. All Business Calculus I courses were taught with the
revised materials. This brought a challenge to the project staff to prepare graduate students
for handling many sections of this course. Professor Harris and Professor LaTorre held
seminars before the school year began to introduce the materials to the new instructors and
then instituted weekly instructor meetings throughout the remainder of the fall term. This
process was repeated in the Spring of 1995 when the Business Calculus II course went
100% with the new multivariable materials. - |

As mentioned before, several institutions that had heard about the project from various
sources, volunteered to try the materials during the 1994-95 school year. This gave way to a
formation of a new proj'ect idea concerning the dissemination of the new materials to other
institutions. In July of 1995, several representatives from institutions across the U. S. and
Canada met in Clemson S. C. for a three-day conference introducing the new materials. A
list of those institutions, at that time tentatively scheduled to use the Calculus Concepts ma-
terials, is found in Appendix III-B. The conference focused on how the instructors could
use the materials to their best advantage. The project staff gave seminars on how they used
the materials in their classrooms and where they had difficulties and successes along the

way.



D.. Student Performance
1. Student Projects

There are many elements to student performance. In this environment, student projects
were a new direction for student performance. They were new to the students, new to the
faculty, and problematic. Yet, from the student responses, from the inherent logical
relevance and potential of the maieria.ls, and from the new opportunities that the use of
technology provided, it was clear to the staff that this element of student performance was '
essential for the course being developed. It had the students engaged in problems that would
not and could not be encountered in other settings. |

The project staff decided to try the final project presentations again in the fall of 1993
with hopes-that results would be better than what happened during the previous summer.
Professor Wilson and Ms. Searcy were invited to Clemson for the two days of student
presentations at the end of the Fall semester. We were both able to attend the first day, while
only Ms. Searcy attended the second day.

The project chosen (Appendix ITI-C) for that Fall was one asking students to pretend
they were heading up a fund raising effort for the Mathematics department. The students had
to take polls and gather their own data which added a new twist to the project. This was a
complex situation that required students to do a great deal of thinking on many issues. The
presentations covered the spectrum, rahging from incredibly poor attempts where students
didn't even realize that they needed a model to very nice efforts where students used
ingenuity and hard work to make a good project. Ms. Searcy did not receive copies of the
written projects, however, Appendix II-D contains summaries of some of the students'
presentations. ~(The project staff video taped all final presentations that Fall.) One lesson
learned from the summer was that there was a need for specific guidelines for the graders. A
copy of the assessment guideline for this project is found in Appendix III. '

Up to this point, little attention had been given to the Business Calculus II class.
Professor Fetta was using some of the rough ideas for the new materials in this class. She
was also finding different ways to-assess students' knowledge. During the Fall of 1993,
Professor Fetta required her Business Calculus II class to keep a journal of their experiences
in her class. They were also asked to work cooperatively on projects and do presentations.
Part of the students' final grades came from the compilation of a student portfolio. The
requirements for this portfolio can be found in Appendix II-F. These portfolios came into
our possession during the Winter of 1994. They made for some interesting reading.
Students were very candid with their responses on occasion. It would be marvelous to be
able to include all of these porttolios with this report; however, that would be quite tiresome.

15
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Ms. Searcy has instead taken portions from several of these portfolios (Appendix II-G) as
indicators of how students were coping with the Business Calculus II experience. Professor
Fetta later told Ms. Searcy that she was unable to continue the portfolio evaluation due to the
amount of time it requifed However, she went on to emphasize that she still believes that it
is a worthwhile idea and would someday hke to re-institute it in her classroom. -

Additional data from final project presentauons came from the Spring 1995 semester.
Ms. Searcy was able to attend several of these presentations that were held on April 24,
1995. Students were given a choice of two projects that they could present as their final
project. One of the choices was an updated form of the Doubling Time project that was used
in the Fall of 1993 (Appendix III-H) and the other choice (Appendix III-I) was a project '
dealing with the warning of drivers about upcoming toll booths on a new Super Highway
(like the Autobahn) in Europe. Since the decision was made in the Fall of 1994 to have all
Business Calculus classes taught use the project materials, there was a tremendous increase.
in the number of presentations to observe. That also meant that more people had to be
involved in the assessment process of these projects. Ms. Searcy did not receive a specific
assessment guideline for these projects; however, a grading sheet (Appendix II-J) was
given to each person involved in the assessment process. S

There was an extreme range of quality in these presentations, which was expected based
on prior observations. Appéndix II-K gives a summary of some the presentations (for both
projects) that Ms. Searcy observed while she was at Clemson. Although the presentations
were interesting in their own right, Ms. Searcy was fascinated by the different approaches
used by different graders. Some had a particular question they liked to ask. One person
would ask questions about all aspects of the projects, whereas another wouldn't ask many
quesﬁohs. One of the graders was a novice. Although he had been sitting in on many of the
Business Calculus I classes, he had not taught the course. Most of the graders were
Calculus I instructors who already had a tremendous amount of exposure to both projects as
students worked on them. This particular grader was not afforded that luxury. That made
his job very difficult, and it took him awhile to familiarize himself with the product as well as
the process. |

As time progresses, the ideas of projects and presentauons as assessment opportunities
are evolving to a more complex stage. With each trial, instructors are able to make
adjustments in all aspects of the assessment process to make it more beneficial for both
themselves and their students. It is evident that the instructors are learning a great deal about
what their students know and don't know from these projects. Although it will be a
challenge to construct more project ideas that will provide students with a chance to be
creative in exhibiting their knowledge, it seems to be well worth the effort.



2. Test Data

- A recurring theme is the call for performance on tests. The reality is that the old
assessments on tests and quizzes concentrate primarily on procedural knowledge and are not
sufficient for assessing the range of student performance desired or accomplished in
Calculus Concepts: An Informal Approach. : _

Still, the demand and expectation of performance on such tests and quizzes is recog-
nized. Instructors still give quizzes and tests; colleagues still look at the most innovative and
complex project report and say, “okay, but can they differentiate functions or evaluate
integrals?”” The project staff recognize that developing procedural skills is a part of devel-
_ oping knowledge. Therefore, a small set of test items appropriate to both traditional classes
and project classes were developed for instructors to use. These are in Appendix III-L.

Performance data on the items for the Business Calculus I were obtained from 273
Clemson students and from 247 students at six other colleges during Spring term. These
data are tabulated in Appendix III-M. The percent of students responding correctly to each
item was determined, for Clemson students and for the other six colleges pooled, and these
percents are depicted on the graph on the following page. The p-values range from 0.40 to
0.98 and show the coverage and variability one would expect with such data.

One question to be addressed is “Is this satisfactory performance on these items?” Our
judgment is that the performance as a whole is acceptable, and further, the items provide
useful formative data for the project staff.

A second issue, addressed here in Section G, is whether students at other colleges who
~ have studied this material do as well as Clemson students. Clearly, if the -performance is
satisfactory for Clemson students (and we believe it is) then it is also satisfactory for
students at other colleges -- since the profiles of the graphs are basically indistinguishable.

E. Student Opinions

A student questionnaire was developed to provide project staff feedback from students
at every step of the development process. These questions are presented and the data is
summarized on two inserted pages. '

On the page following the performance data graphs, the first insert presents data from
1074 Clemson students in 48 sections taught by 20 different instructors. In general, the
profiles show that the students are responding positively to the aims of the course -- reducing
emphasis on algebraic manipulation, incorporating modeling, using multiple viewpoints,
viewing the derivative as rate of change, and using the graphics calculator. About 85% ot
the students feel they are learning as much or more than students in traditional classes.
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The second insert, the following page of graphs, presents the same date pooled over
approximately 200 students in six different college during Spring 1995. The profiles of
response are essentially the same as what has developed over the three years at Clemson.

We have also included (Appendix ITI-N) several student comments elicited at Clemson
and some of the other test sites through the above mentioned questionnaire and instructor

assigned essays.

F. Institutional Impact

‘We feel that perhaps the most profound element of this evaluation, one that is ignored in
most such efforts, is in the institutional impact of this project. Essentially the FIPSE funding
was to experiment with an alternative approach, and it was reasonable to expect a prototype
worthy of further study or development. However, this investment has already transformed
the situation at Clemson and is beginning to make impact on several schools across North
America.

After our initial rneetirig with the project staff about constructing a prototype course in
early 1993, we were skeptical at the changes that were being proposed in the structure and
teaching of the Business Calculus courses. It seemed an immense challenge to try to
implement all the planned modifications within the constraints of one project. Yet, a rather

‘awesome metamorphosis took place during the project's three years at Clemson University.

In that amazingly short period of time, the implementation has moved from a handful of pilot
sections to an institutional poliéy decision to transform the entire calculus for non-scientific
career students. Effective in the third year of the project, all Clemson Business Calculus
courses were using the project materials. It is a remarkable mobilization of resources and
influence to bring about institutional change in situations, as in mathematics departments,
where academic anarchy is a cherished tradition.

Of course, there are always two sides to every coin. With the full scale implementations
of the materials came an unforeseen obstacle that has beset instructors in the second course
of the sequence. The population of this course seems to be about 50 percent students
coming directly from the first course. The other half of the population is either transferring
students from other institutions, students that have changed majors and have had one
semester of engineering calculus, students with AP credit for the first calculus course, or
seniors who have put off the second course until their last year. The major difficulty lies in
the fact that the students that fall in these four categories have not been exposed to key
elements that compose the framework of the project materials: modeling, interpretation of

mathematical information, communication of mathematics in a variety of ways, and the use
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of technology. The staff is still trying to come up with a solution that will best benefit those

students and instructors.
Another source of impact from the prOJect has come in the form of a contract with D. C.
Heath (which was taken over by Houghton-Mifflin effective January 1996) to publish the

. project materials. The immense effort by the staff to produce these materials in such a way

as to reflect their dynamic philosophy has been rewarded. A representative of D. C. Heath .'
feels that this is one of the largest acquisitions the company has made this decade. They are
excited about the prospect of working with Clemson on disseminating these materials.

Finally, the impact of this project has been felt far beyond the walls of Martin Hall in
Clemson, S. C. As mentioned before, several schools piloted the materials during the 1994-
95 year. We were fortunate to be able to talk to several representatives from these schools
during the conference held at Clemson in July of 1995. A synopsis of comments made by
these individuals can be found in Appendix II-O. A couple of common remarks were that it
took a great deal of time to prepare for teaching the first course in this sequence and that they -
didn't feel they had enough time to implement student projects with in the time allotted to
teach the course. ’ V /

It is quite evident that this project was not an invisible, watery, reform impostor
standing still, but rather it was a driving force of change at Clemson University. There is
still a great deal of momentum behind this project today. It will be quite interesting to see
what the next three years will bring. ’

G . Transportability

One concern for these materials, for this approach, is that of “only at Clemson.” That
is, will these materials and this approach be transportable? '

The project has addressed this in multiple ways. From the very begmnmg, there has
been the feeling that the materials and pedagogy of this project was needed on a far wider
scale. Thus, as the staff has gained experience with the development and implementation,
they have found themselves at the center of an intense interest in what is being done. They
have been thrust into a national spotlight by their work and- there is extensive demand for
assistance to try the materials elsewhere. ) _

In Spring 1995 instructors at 13 colleges used the matenal and approach from the

-pI'O_]eCt -- to the extent they could implement it -- in an informal tryout. Comments from

several of these instructors can be found in Appendix III-P. As mentioned before, we have
test data, so far, from six of these sites. Given that it was the first time and the limited

experience, one might expect some glitches, but there appear to have been few.
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In fact, the test data in Section D-2 and the student opinion in Section E
indicate in the strongest possible terms that this material is transportable.
‘That is, the students in these six colleges respondéd to the material in about the same way as
at Clemson.

Only one of the colleges so far (East Texas State) has been able to provide data on both
a traditional and a project class. The comparison is clearly in support of the project class
(Appendix III-M), but there just is not enough data for a conclusion.

Summary and Conclusions

The project has been immensely successful in achieving large-scale implementation of
its results on the Clemson campus. Even though the extent to which the project is meeting
its stated overall goal of improving student learning of basic calculus concepts has been
difficult to measure with traditional objective measures on a comparative basis because the.
project represents a new paradigm for the learning of calculus, we have evidence from
common final exam questions that students are retaining key concepts. The judgment of the
project’s external evaluator is that the performance on these questions as a whole is
acceptable. For the first time, many of these students are interested and actively involved in
learning mathematics. Of prime importance is the fact that most of them also see a need and
use in their future careers for the mathematics they are learning.

The products of the project, the text Calculus Concepts: An Informal Approach to the
Mathematics of Change, Preliminary Edition and its associated manuals, are being heralded
as the first true reform project in nonstandard calculus. With the review process being
accomplished through actual implementation in the classroom at many different institutions
of higher learning, we are preparing a first edition of the text that will truly serve the needs of
a diverse population of students. Finally, we are convinced that the impetus for change
brought forth by this project is both strong and long-lasting. We already know of several
efforts by faculty at other schools to “follow in our footsteps” with competing publishers.

Even though four of the authors of the materials will no longer be actively teaching at
Clemson at the conclusion of the 1995-96 school year, all of us have plans to remain with
the project and insure that it gets better as it matures. -

Teaching for the first timeé with the project materials, as is true of any reform course,
requires considerable amounts of time and effort. Advice to others using the project
materials is t0 consider communication of prime importance. Students must be encouraged
to communicate between themselves so as to gain confidence in their procedures and be able

to determine the reasonableness of their answers. Professors must communicate with



students to discern their reactions to the materials and the best method of implementation on
their campuses, faculty must communicate with other faculty teaching the course to discuss
methods of implementation and other concemns, and faculty should communicate with the
authors through reading the suggestions in the Instructor’s Guide and taking advantage of
professional workshops and the internet discussion group.
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Presentations

Donald R. LaTorre

1.

© o N o

10.
11.

12.

13.

14.

15.

16.

NSF Calculus Principal Investigators Annual Meeting, Washirigton, DC, October
24-25, 1992. :

Mathematics Colloquium, Woffofd College, Spartanburg, SC, October 29, 1992.

Fifth International Conference on Technology in Collegiate Mathematics, Chicago,
IL, November 13-15, 1992. :

South Carolina Council of Teachers of Mathematics Annual Meeting, Hilton Head,
SC, November 19-20, 1992.

Mathematical Association of America Annual Meeting, San Antonio, TX, January
14-16, 1993. _ .

New Jersey College Calculus Consortium, April 16-18, 1993.

" Conference: Preparing for a New Calculus, Monticello, Illinois, April 22-25,_ 1993.

East Tennessee State University Mathematics Colloquium, April 27, 1993.

Invited participant in the 1993 National Academy of Sciences Convocation
Reinventing Schools: The Technology is Now, Washington DC, May 1993.

San Jacinto Fourth Conference on Technology, Houston, TX, July 23-24, 1993.

Invited Colloquium: "Calculators and Calculus", Bob Jones University, Greenville,
SC, October 14, 1993. . . )

Workshop: "A Teacher's Introduction to the TI-82 Calculator: Applications in
Business Calculus", South Carolina Council of Teachers in Mathematics,
Greenville, SC, November 19, 1993.

"Restructuring Leaming in Business Calculus", to the Curriculum Committee,
College of Commerce and Industry, Clemson University, March 1, 1994.

Presentation: "Business Calculus: Modelling Change with Real Data", at the -
MAA Southeastern Regional Meeting, Carson-Newman College, Jefferson City,
TN, April 9, 1994. _ o '

Invited Workshop: "Business Calculus using the TI-82", DeKalb Mathematics
Conference, DeKalb College, Clarkston, GA, April 29, 1994.

Invited participant in the 1994 national NSF conference Project Impact: Disseminating
Innovation in Undergraduate Education, Washington, DC, June, 1994.



17.
18.

19-20.

21.

22.
23.
24.
25‘.
26.

27,

"Business Calculus: Restructuring Teaching and Learning for a New Era", Fifth
Conference on Technology, Houston, TX, July 9, 1994. .

Minicourse: "A Teacher's Introduction to the TI-82 Calculator", Third Carolinas
Mathematics Conference, Charlotte, NC, October 6, 1994.

Two presentations on the Clemson business calculus project: one to the business
and mathematics faculty, the other to the MBA students and faculty, Elon College,
Elon, NC, October 17,.1994. : :

Four-hour Minicourse: "Revitalizing Business Calculus”, American Mathematical
Association of Two-Year Colleges National Meeting, Tulsa, OK, Nov. 5, 1994. -

Four-hour Workshop (with Iris Fetta): "Business Calculus: Modeling with the |
TI-82", Seventh International Conference on Technology in Collegiate Mathematics,
Orlando, FL, November 17, 1994. - ' . -

Address: "Business Calculus: Restructuring Teaching and Learning for Non-
Technical Students", Seventh International Conference on Technology in
Collegiate Mathematics, Orlando, FL, November 18, 1994. '

Honors Colloquium, "Data Driven Mathematics in Economics and the Social
Sciences: Using Technology to Model the Real Economic World", University of
Rhode Island, Kingston, RI, March 27, 1995. -

Invited Workshop (co-presented with Iris Fetta), "CALCULUS CONCEPTS: An
Informal Approach", Teachers Teaching with Technology Conference, College of
Charleston, Charleston, SC, March 4, 1995.

Invited Address, "Restruc_tﬁring Teaching and Learning fbr Non-technical Students”,
Teachers Teaching with Technology Conference, College of Charleston, Charleston,
SC, March 5, 1995.

Invited Workshop, "Business Calculus: Learning in a New Era", Pellissippi State
Technical College, Knoxville, TN, February 25, 1995.

John W. Kenelly

1.

Science and Mathematics Faculty, Jacksonville University, J acksonville,- FL,
September 11, 1992.

Louisiana Statewide Systemic Initiative Mathematics Conference, Lafayette, LA,
October 2, 1992. : .

- NSF Calculus Principal Investigators Annual Meeting, Washington, DC, October

24, 1992.

Fifth International Conference on Technology in Collegiate Mathematics, Chicago,
IL, November 13, 1992.

Mathematical Association of America Annual Meeting, San Antonio, TX, January
15-16, 1993. -

BEST COPY AVAILABLE
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10.
11.

12.
13.

14.
15,
16.
17.
18.
19.
20.
21.

22.
23

24.

25.

College Board Southeast Regional Meeting, Hilton Head, SC, February 19, 1993.
New Jersey Two Year College Consortium, Kenilworth, NJ, Feb. 27-28; 1993.
Montgomery County Mathematics Teachers, Rockville, MD, March 2, 1993,
Michigan Calculus Network Conference, Dearbom; MI, March 20, 1993.

Mathematical Association of America, Rocky Mountain Section Meeti'né, Golden,
CO, April 3, 1993 :

Frostburg Technology in Mathematics Conference, Frostburg, MD, April 16,
1993.

Conference: Preparing for a New Calculus, Monticello, IL, April 22, 1993.
"Technology in Education Conference", Birmingham England, UK, September

- 18-19, 1993.

Florida Council of Teachers of Mathematics State Cénference, Jacksonville, FL,
October 15, 1993.

"Technology In Collegiate Mathematics Conference” Par31ppany, NJ, November
S, 1993.

"Sigma Xi Lecture on Collegiate Teaching", Florida Atlantic University, Boca
Raton, FL, January 27, 1994.

"Sigma Xi Workshop on Colleglate Teaching", Florida Atlantlc University, Boca
Raton, FL, January 28, 1994.

"Evening Banquet Presentation”, Weber State University, Ogden, Utah, February
11, 1994.

" Annual Mississippi School Supermtendents Meeting", Iack.son MS, Februa.ry
21, 1994.

National Council of Teachers of Mathematics Regional Meeting, San Francisco,
CA, February 24, 1994.

Teaching and Learmng of Mathematics Conference, Jacksonville, Flonda April 7,
1994. .

Departmental Colloquium, University of Florida, Gainesville, FL, April 7, 1994.

Mathematical Association of America, Kentucky Sectional Meeting, Morehead,
KY, Aprll 9, 1994.

National Council of Teachers of Mathematics National Meeting, Indianapolis, IN,
April 13, 1994.

Delta Teachers Academy, Regional Workshop, Caruthersville, Missouri, April 21-
22, 1994.
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26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

-36.

37.

38.

39.

40.

Invited Address: "Mathematics in Action. A Simulated Epidemic, Product
Marketing and Airplane Flights", Frostburg Mathematics Conference, Frostburg
College, Maryland, April 21, 1995. :

Presentation and Group Discussion: . "Teacher Needs For Teaching Mathematics
with Calculators”, Teacher Inservice Leadership Conference, Fairfax, VA, April
29, 1995.

Invited Address: "Technology Needs in the Business Workforce", South Carolina
Tech Prep Conference, South Carolina Department of_ Education, Columbia, SC,

‘May 11, 1995.

Invited Address: "New Needs for Today's Students", Collegiate Curriculum
Reform and Community Action in the Historic Black Colleges Conference, North
Carolina A&T University, Greensboro, NC, May 12-13, 1995. S

Invited Banquet Address: "Technology Needs in the Business World", Holly Hill
Mu Alpha Theta Chapter Installation, Holly Hill, SC, May 15, 1995.

Invited Address: "SAT and the Workplace", Clemson-Calhoun Rotary Club,
Clemson, SC, May 26, 1995.

Ten Day Historic Black College Faculty Professional Development Workshop:
"Technology for College Faculty", Spelman College, Atlanta, GA, June 6-15,
1995. .

Ten Day Tech Prep Faculty Development Institute: "Technology Needs of Business
Students", Broward County Schools, Fort Lauderdale, FL, June 19-30, 1995.

Multiple Session Workshop: "Workshop (')n'TI-92", Technology Intensive
Calculus for Advanced Placement Conference, San Jose, CA, June 25, 1995.

Invited Address: “Calculﬁs Topics for Tech Prep Business Students”, Southern
Regional Education Board Tech Prep Conference, Atlanta, GA, July 13, 1995.

Address and Discussion: "Mathematics in Action”, Clemson Conference on
Business Calculus, Clemson, SC, July 28-30, 1995.

Invited Address: "Business Calculus Reform and Technolo gy", Mathematical
Association of America Conference for New Faculty, Burlington, VT, August 7,
1995. .

Invited Address: "Mathematics in Action. A Simulated Epidemic, Product
Marketing and Airplane Flights", South Carolina Council of Teachers of
Mathematics, Myrtle Beach, SC, November 3, 1995.

Invited Address: "Business Calculus Reform", American Mathematical
Association of Two Year Colleges Annual Meeting, Little Rock, AR, November
12, 1995.

Faculty Workshop: "Calculus on the new TI-92", International Conference on
Collegiate Teaching of Mathematics, Houston , TX, November 18, 1995.
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Iris B. Fetta

1. "Precalculus and Calculus Using the TI-81 Graphing Calculator”, Truett-
McConnell College, Cleveland, GA, April, October, 1992.

2. "Using the Graphing Calculator in Teaching Mathematics" , workshop presented at
the Changes in Mathematics Education Conference at Northwestern High School,
Rock Hill, SC, August, 1992. ' :

3. "Exploring Statistics with Graphing Calculators", special presentation to the .
. Advanced Placement Statistics Task Force, Princeton, NJ, September, 1992.

4. Seventh Annual SCAET (South Carolina Association for Educational Technology)
Conference. Session: "Using Hand Held Computers In the Classroom”,
Columbia, SC, October, 1992.

5-6. The Fifth Annual International Conference on Technology in Collegiate
Mathematics, Chicago, IL. Presenter of workshops "Exploring Probability and
Statistics with the TI-85" and "Precalculus, Calculus, and Statistics Applications for
the Sharp EL-9300"; Copresenter (with Gloria Dion) of Session "Introduction to
the Sharp EL-9300", November, 1992.

7. "Using the TI-81 in Precalculus, Calculus, and Statistics Classes”, Workshop
presented at the South Carolina Teachers of Mathematics Annual Meeting, Hilton
Head, SC, Novemb_er, 1992. :

: 8. American Mathematical Society and Mathematical Association of America Joint
- Meetings, Presenter of Minicourse #3 "All Right! I've Got a Graphing
Calculator. What Happens Next?", San Antonio, TX, January, 1993.

9. "Do I Teach Differently With a Graphing Calculator In Hand?" Workshop
presented at the Third Annual Upstate Instructional Technology Conference, Blue
Ridge High School, Greer, SC, January, 1993.

10. "Math Wizardry in Everyday Life" - one week course taught to Elderhostel course
' participants, Clemson, SC, February, 1993.

11. "Teaching with the TI-81 Graphing Calculator", workshop at the Spring Inservice
Workshop for Middle and Secondary Mathematics Teachers of Cherokee and
Union Counties, Gaffney High School, Gaffney, SC, March, 1993.

12. "Communicating and Testing With Graphing Calculators in Algebra, Precalculus
and Statistics", workshop at the Southeastern Regional Conference of the National
Council of Teachers of Mathematics, Columbus, GA, March, 1993.

13. "Introduction to the TI-81 Graphing Calculator" and "Effective Use of the Graphing
Calculator in the Mathematics Classroom", invited workshops at the City
University of New York Faculty Conference, Manhattan Community College,

NY, March, 1993.

14-15. "Math Wizardry in Everyday Life” and "Will I Ever Use This?", sessions at the

Southeastern Section meeting of the Mathematical Association of America, April,
1993.
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16.

7.

18-19.

20.
21.

22-23.

24,

25.

26.

27.

28.

29-30.

"Using the Modelling Capabilities of Graphing Calculators to Make Derivatives
Intuitive in Business Calculus”, workshop presented at ICTMA-6, the 6th
International Conference on the Teaching of Mathematical Modelling and
Applications, University of Delaware, Newark, DE, August 15-19, 1993.

Invited presenter of the high school in-service faculty workshop for Stephens
County mathematics teachers "Using the Graphing Calculator in Teaching
Mathematics", September 21, 1993, Toccoa, GA. :

Presenter of the two wofkshops "Calculator Games for the Sharp EL-9300" and -
"I_et's Talk About the Weather" at the North Carolina Council of Teachers of
Mathematics Conference, Greensboro, NC, September 30-31, 1993.

"Ways to Use a Graphic Caicﬁlator in Precalculus, Statistics and Business
Calculus", workshop presented to mathematics and science faculty, University of
Pittsburgh at Greensburg, PA, October 2, 1993.

Invited presenter of the in-service high school faculty workshop (teachers from
seven Georgia counties) "Using the TI-81, TI-82, and TI-85 Graphing Calculators
to Teach Mathematics", Pioneer Regional Educational Service Agency, October
25, 1993, Cleveland, GA.

"Business Calculus with the Sharp/T1-82 - Part I" and "Business Calculus on the
Sharp/TI-82 - Part II", two workshops presented jointly by Iris B. Fetta and Cindy
Harris at ICTCM-6, the Sixth Annual International Conference on Technology in
Collegiate Mathematics, November 4-7, 1993, Parsippany, NJ.

Presenter of the invited session "Calculator Games" -at the South Caroiina Council
of Teachers of Mathematics Fall Conference, Greenville, SC, Nov. 18, 1993.

Presenter of the paper "A Look at the Mathematics in Clive Cussler's Novel
Sahara" in the Environmental Mathematics Session at the Joint AMS/MAA
Meetings, Cincinnati, OH, January 12-15, 1994,

' "Using the TI-82 Graphics Calculator to Enhance the Teaching and Learning' of-

Mathematics", workshop presented to mathematics and science faculty, College of
Charleston, Charleston, SC, January 29, 1994. '

Invited presenter of the high school/college session "Build Connections Between
Probability and Other Math Areas with Graphing Calculator Games" at the NCTM
Southern Regional Conference, Richmond, VA, February 23-26, 1994. :

Invited presenter of the in-service junior high/high school Pickens County faculty
workshop "Using the TI-82 Graphics Calculator to Enhance the Teaching and
Learning of Mathematics", March 11, 1994, Liberty High School, Liberty, SC. -

"Calculator Graphs; Magic? or Mathematics?" and "Business Calculus II:
Modelling Change with Real Data", MAA Southeastern Sectional Annual Spring
Meeting, Jefferson City, TN, April 8-9, 1994.

Invited presenter of middle school/junior high workshop "Linking Math Topics
with Calculator Games Using the Sharp EL-E300 and EL-9300 Calculators”, 72nd
Annual Meeting of the National Council of Teachers of Mathematics, Indianapolis.
IN, April 13-16, 1994.
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32.

33.

34.

35,

36.

37.

38-39.

40.

41.

42-43.

44.

45.

46.

Invited presenter of the in-Serviqe faculty workshop "Using the TI-81 Graphing
Calculator to Enhance the Teaching and Learning of Calculus”, Truett McConnell
College, Cleveland, GA, April 23, 1994.

Invited presenter of the two workshops "HP-48G Calculator Enhancement for
Statistics”" and "HP-48G Calculator Enhancement for Calculus”, Technology
Conference on Using the Texas Instruments and Hewlett Packard Graphing
Calculators in the Teaching of Mathematics and Science, Georgia Tech, Atanta,

‘GA, May 27-28, 1994. _ A _

Invited presenter (by Educational Testing Service) of workshop "Calculator
Enhancement for Advanced Placement Statistics”, Introductory Conference. for
Advanced Placement Statistics Teachers, Clemson, SC, June 10; 1994.

Invited presenter of workshop "Exploring Linear Functions with the TI-82", 5th
Annual Conference on Technology Focusing on Graphic and Symbolic Calculators,
July 8-9, 1993, Houston, Texas, July 8-9, 1994.

“Exploring Statistics with the Graphing Calculator” and “Programming your
Graphics Calculator”, 1994 Summer Sharp EL-9200/9300 Graphing Calculator
Conference, Montclair State University, New Jersey, July 22-24, 1994.

Invited presenter of session "Calculator Graphs: Magic‘? or Mathematics?", The
Third Carolinas Mathematics Conference, Charlotte, NC, October 6-7, 1994.

Two workshops (with Don LaTorre): "Business Calculus: Modeling with the TI-
82, Part I" and "Business Calculus: Modeling with the TI-82, Part IT", Seventh
Annual International Conference on Technology in Collegiate Mathematics,
Orlando, FL, November 17-20, 1994.

"The Guessing Game: A Course-Independent Application of Statistical Reasoning”
in the Making Statistics Come Alive Session at the Joint AMS/MAA Meetings, San
Francisco, CA, January 4-8, 1995. ’

Invited Workshop (co-presented with Don LaTorre), "CALCULUS CONCEPTS:
An Informal Approach”, Teachers Teaching with Technology Conference, College
of Charleston, Charleston, SC, March 4, 1995. '

Workshops (co-presented with Grace Cascio-Houston) "Exploﬁng the Casio CFX-
9800G Color Graphing Calculator", Miami, FL,, March 10-11, 1995 and Atlanta,
GA, April 22-23, 1995. -

Presenter of the paper "Modeling the Accumulation of Change = Business Calculus’
+ the Integral + Real Data", Southeastern Section Meeting of the Mathematical
Association of America, University of North Carolina at Asheville, Asheville, NC,
March 31-April 1, 1995. ’ :

Workshop (co-presented with Gloria Dibn) "Finding Functions in Unexpected
Places", NCTM 73rd Annual Meeting, Boston, MA, April 6-9, 1995.

Invited presenter of workshop: *“Are You Tired of Black and White Solutions?”
for South Carolina Mathematics Supervisors, Columbia, SC, April 28. 1995.



-47. Invited presenter of the inservice workshop “Linking-: Probability, Statistics, and
the TI-82” for faculty members in business, psychology, and mathematics at USC-
Aiken and Augusta College, Aiken, SC, May 6, 1995.

48. Organizer for and presenter of one of 10 sessions: “The Effect of the Graphing
Calculator on the 1995 Advanced Placement Exam in Calculus”, Technology
Intensive Calculus Advanced Placement in connection with the Harvard Calculus
Conference, San Jose, CA, June 23-25, 1995. .

49-50. ‘Workshops: "Let's Talk About the Weather!" and "Business Calculus: Modeling'
and Real Data", Sixth Annual Conference on Technology Focusing on Graphics
and Symbolic Calculators, Houston, TX, July 14-15, 1995.

51. “Exploring Statistics with the Graphing Calculator” and “Programming your
Graphics Calculator”, 1995 Summer Sharp EL-9200/9300 Graphing Calculator
Conference, Loyola College, Towson, MD, July 22-24, 1994.

52. Invited workshop: "Exploring Student-Designed Linear Functions with the -
Graphing Calculator”, 5th Annual North Carolina State Mathematics Conference,
Greensboro, NC, September 21- 22, 1995. :

53-54. "It's As Easy as ABC - Leamn to Program Your Graphing Calculator” and "A
. Rainbow of Mathematics", South Carolina Council of Teachers of Mathematics
Annual State Meeting, November 2-3, 1995, Myrtle Beach, SC

55-56. Session: "The Guessing Game: A Course-Independent Application of Statistical
Reasoning" and workshop: “Business Calculus: Modeling Multivariable Change”,
Eighth International Conference on Technology in Collegiate Mathematics,
Houston, TX, November 16-19, 1995. - '

Cynthia R. Harris
1. - Michigan Calculus Conference, Dearbom, MI, March 19-21, 1993.

2. Mathematical Association of America Southeast Regional Meeting, Conway, SC.,
April 2, 1993. Paper presented: "Making Derivatives Intuitive”.

3. Second Conference on the Teaching of Calculus, Harvard University, June 25-26,
1993. Paper Presented: "Modelling in Business Calculus”.

4-5. "Business Calculus with the Sharp and TI-82 Calculators, Parts I and II", two
workshops presented jointly by Cynthia R. Harris and Iris B. Fetta at the Sixth
Annual International Conference on Technology in Collegiate Mathematics,
November 4-7, 1993, Parsippany, NJ.

6. "Student Projécts in Business Calculus", presentation to the Curriculum Committee,
College of Commerce and Industry, Clemson University, March 1, 1994.

7. “Teaching Methods and Focus for Calculus Concepts: Chapters 1-57, Clemson
Conference on Business Calculus, Clemson, SC, July 28-30. 1995.




8. “Business Calculus: Modeling with Real Data”, a workshop co-presented with
Laurel Carpenter, Eighth International Conference on Technology in Collegiate
Mathematics, Houston, TX, November 16, 1995.

Other Project Presentations:

1. Laurel Carpenter, Clemson University: "Modeling Change = Business Calculus +
the Derivative + Real Data", MAA Southeastern Section Annual Meeting, Asheville,
NC, March 21, 1995. :

2. Laurel Carpenter, Clemson University: “Business Calculus: Modeling with Real
Data”, a workshop co-presented with Cindy Harris, Eighth International Conference
on Technology in Collegiate Mathematics, Houston, TX, November 16, 1995.

3. Paul Ache III, Texas A&M University:' “Mathematical Modeling, Business Calculus,
and the Graphing Calculator”, Eighth International Conference on Technology in
Collegiate Mathematics, Houston, TX, November 19, 1995. :




 APPENDIX II

Publications

relating to the project and/or its products




Published Papers

Donald R. LaTorre

1. “Business Calculus: Restructuring Teaching and Learning for Non-technical
Students”, Proceedings of the Seventh International Conference on Technology
in Collegiate Mathematics, Addison-Wesley, 1995.

Iris B. Fetta

1. Dion, Gloria S. and Iris B. Fetta. "Calculator Graphs: Magic? or Mathematics?", .
Mathematics and Computer Education 27(3) (Fall 1993): 180-197.

2. | Diori, Gloria S. and Iris B. Fetta. "Calculator Graphs: Magic? or Mathematics?",
Spanish translation appearing in Las calculadoras graficadoras en el aula,
Departamento de Mathematica Educativa, CINVESTA, June 1994.

3. "Precalculus, Calculus and Statistics Applications for the Sharp EL-9300", pages
130-134 and "Exploring Probability and Statistics with the TI-85", pages 301-
304, Proceedings of the Fifth Annual International Conference on Technology in
Collegiate Mathematics, Lewis Lum, ed., Addison Wesley Publishing Company,
1994. : '

4. “Programming the Sharp EL-9200/9300C Graphing Calculator”, a handout given
to teachers using this calculator in the mathematics classroom, 1994-95.

5. Co-developer of "Activities for the Casio CFX-9800G Color Graphing Calculator”,
activities published for use by workshop participants and put on the WEB for general
access by teachers, 1995. _

6. Dion, Gloria S. and Iris B. Fetta, "Everybody Talks About It!" The Mathematics.
Teacher , National Council of Teachers of Mathematics, February, 1996.

Cynthia R. Harris

1. "Exploiting the Model]ing Capabilities of Graphing Calculators in Business
Calculus", Mathematics and Computer Education 27(3) (Fall 1993): 226-232.
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Accepted Papers

‘About the -project:

“Clemson University’s Calculus Concepts: An Informal Approach to the
Mathematics of Change, Preliminary Edition”, A Systemic Description of Eighteen of
the Calculus Reform Projects Written in Recent Years, a product for the Calculus :
Reform Work-shops conducted under Don Small’s and Wayne Roberts’ NSF project,
M. Kathleen Heid, editor, to appear, April, 1996. '

Iris B. Fetta

"The Guessing Game: A Course-Independent Application of Statistical Reasoning”,
Proceedings of the Eighth International Conference on Technology in Collegiate
Mathematics, Addison-Wesley, to appear, November, 1996.




Published Books

By the Project:
1; Calculu ncepts; An Inform e Mathematics of Change._

Preliminary Edition, D. C. Heath and Company, August 1995.

2. culus Concepts: An Inform h Mathematics of Chan
M_MQMALMM&M D. C. Heath and Company,
January 1996.

Iris B. Fetta

1. Lawrence, David P. and Iris B. Fetta, Applying Statistics using the Sharp EL -

9200, E1-9300 Graphing Calculators, Pencil Point Press, 1994.

2. Lawrencé, David P. and Iris B. Fetta, Applying Precalculus/Calculus using the
Sharp EL-9200, E1-9300 Graphing Calculators, Pencil Point Press, 1994.

3. Linking: Probability and Statistics with the TI-82. Pencil Point Press, Fairfield,
NJ, 1995.
4. Graphin ulator Instruction Guide to accom ul n - An

Informal Approach to the Mathematics of Change. Preliminary Edition, D. C.

Heath and Company, August 1995.

Laurel L. Carpenter

1. Instructor’s Guide with Complete Answer Key to accompany Calculus Concepts:
~ An Informal Approach to the Mathematics of Change, Preliminary Edition, D. C.

Heath and Company, August 1995.
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Books Pending

By the Project:

1. cul ncepts: An Informal Approach to the Mathematics of Chan
Single Variable Chapters, Houghton-Mifflin Publishing Company, to appear,
August 1997. :

2. Calculus Concepts: An Informal Approach to the Mathematics of Change,

Single and Multivariable Chapters, Houghton-Mifflin Pubhshmg Company,-
“to appear, August 1997. _

Iris B. Fetta
1. Graphing Calculator Instruction Guide to accompany Calculus Concepts: An

roach to the Mathematics of Change, Houghton-Mifflin Publishing
Company, to appear, August 1997. '

Laurel L. Carpenter
1. In tor’s Guide with Compl wer Kev to accompany Calculus Concepts:

An Informal Approach to the Mathematics of Change. Houghton-Mifflin
Publishing Company, to appear, August 1997.
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Institutions Who Will Field Test in 1995-96

Anderson College, SC

Arizona State University, AZ

Bob Jones University, SC

Boston University, MA

Bradley Univefsity, IL

Clemson University, SC )

College of the Siskiyous, CA

Drake University, IL

Elmhurst College, IL

Greenville Technical College, SC

Kennesaw State University, GA 1
Lenoir-Rhyne Cdllege, NC .
Manchester Community College CT

Oklahoma State University, OK

Pellissippi State Technical Community College, TN
Raritan Valley Community College, NJ

Santa Barbara Community College, CA

Texas A&M University, TX

University College of the Fraser Valley, CANADA
University of Colorado, CO

University of South Carolina-Aiken, SC
University of Texas-Arlington, TX

University of Vermont, VT '

Villanova University, PA

Xavier University, OH

(Editorial Note: Easley High School, SC and Staples High School, CT are known to be
field testing this year but did not have representatives at the conference. D. C. Heath
estimates that approximately 25 other schools are also using the materials in pilot sections

during this year.)
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Class Observations: Summer 1993

It was decided that Ms. Searcy would sit in on this class for its duration as a participant
observer. She would record notes on her observations, collect sample student work and
interview both staff and students. Ms. Searcy arrived a couple of days before the class
began and had several in-depth conversations with Don LaTorre, Cindy Harris, and Iris
Fetta about the progress that had been made to date. Professor Kenelly - was out of town, but
would return later in the week. For various topics, Ms. Searcy offers some excerpts from
her notes that give a flavor of the discourse and events that happened during that Suminer
session course. In these notes, first person comments refer to Ms. Searcy. -

As one can immediately discern from the ‘Business Calculus I text that has been
produced by the project staff, mathematical modeling is considered a very important tool in
the revitalization effort. The introduction of this tool into the Business Calculus curriculum
brought some interesting challenges to students' concepts of mathematics.

July 1, 1993:

(Note: Cindy Harris substituted for John Kenelly 6/30 - 7/2.)

. The first section (of the new written materials) is based on the
concept of the mathematical model. The materials did not give an explicit
definition for this, so Harris asked the students to tell her what they thought a
model was. One of the students said it was something you can use to tell
what happened in the past. Professor Harris agreed with him saying that
"something" was usually mathematical equations. In this class we will be
looking at actual data to form models to predict what will happen in the
future. Professor Harris gave the following example. Suppose we wanted to
look at the world wide spread of the AIDS virus form 1982 to 1992. The
graph would look something like this (Figure 1):

1982 1992
Figure 1: Spread of the AIDS virus



In the last few years, it looks like the spread of the disease is slowing down
somewhat. Professor Harris asked what we thought would happen from
now until the year 2000. Could the graph look something like this (Figure
2)? Probably not, unless a cure was found.

1982 . 1992
Figure 2: AIDS virus growth possibility

It was stressed that when considering the composition of a model for a
situation, there are usually a lot of factors to contemplate. (We looked on
page 2 of the materials at a couple of examples.) However, in this class, we
will not use all these factors in our model to keep the equations from getting
too complex. Another important point became obvious in the car example on
page 3. We were looking at the graph and tried to decide what the scale
should be for the time axis. We did this by discussing how long it took a car
to go from 10 mph to 65 mph. Some students said 3 seconds, while others
said 1, 4, or 5 seconds. Professor Harris pointed out that all these answers
were correct depending on what car one was driving. She explained that there
will be several times in this class where you may not have the same answer as
everyone else. But that's fine. There won't always be an exact right answer.
Mathematics isn't always exact.

Modeling also challenges students to think about the situation and rational behind certain
models. In the next excerpt, students are asked to think about a couple of applications of the

linear model.
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Fundamentals
page 3

One of the first steps in modelling a situation is an understanding of the facts that are
known. This information is often presented in the form of a graph. Consider the following

graph showing the speed of two cars on an interstate highway:
speed (mphy

Joelwmrm....

65 + e —

What general information is presented by this graph?

* It appears that Joel and Sam are-the drivers of the cars (or the cars could be r_ramed Joel
and Sam and driven by two persods"whdse names we do not know). We also can probably
assume that 65 mph is the speed limit on this interstete highway.

Which car appears to be accelerating faster?
Since Joel's entrance speed is slightly lower than Sam's and Joel reaches the speed limit

earlier than Sam, Joel's speed must be changing at a faster rate than Sam's.

" Has either car gone faster than the speed limit?

Yes. Imagine a horizontal line 65 units above the time axis. Joel's speed crosses this line
- _several times. . | ) : |
Inrerpret the value time = 0in the context of this problem situation.
. Since this is an interstate highway with a minimum speed requirement and no traffic
lights, the speed of each car when tirne equals 0 probably represents the speed at which
each car is travelling when it turns onto the entrance ramp for the hlghway or the speed

at which the car leaves the exit ramp and enters the flow of traffic.

. Notice that no units have been placed on the time axis. Based on vour own driving experience,

give a numerical 'value and unit of measure for the first "tic" mark on the horizontal axis.
This value will, of course, differ for each person and type of vehicle the person is driving.
It appears to take Joel appro.><irnately 2.5 time units to reach 65 mph while Joel more
leisurely approaches. that value. In order to further discuss this problem, let's just say

the first "tic” mark on the horizontal axis represents 4 $220NCs.

1]
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MtnSc 102
page 4

Which car appears to be using cruise control?

The graph indicates that Sam's speed increases for approximately 28 seconds and then
remains constant. Sam is probably using his cruise control.

Will Sam pass Joel? ' _
There is not enough information given in the graph to answer this question. We are not
told whether or not these two vehicles are travelling in the same direction. We do not

even know if they are on the same portion of the interstate.

In this course you will often be using your calculator for evaluating numeric expressions,
solving equations, estimating' and checking the reasonableness of algebraic expressions, and
graphing mathematical models. Let us now consider how the power of the graphing calculator

can aid in your exploration of some other practical situations illustrating the use of

mathematics and modelling in today's world.

Example 1: A stockbroker's client purchases 250 shares of stock at $29.75 a share.. Two
months later, the client sells the stock at $43.50 a share. If the stockbroker's fee is $45 per

transaction, what is the client's net profit?.

Solution: The model the stockbroker uses to determine the client's net profit is given by
the equéﬁOn net profit = selling price — (purchase price + transaction fees). Let's use the'REAL
MODE of your Sharp 9300 for the calculations. Press to access the REAL MODE, and
enter 250 29.75 to obtain $7437.50 as the purchase price of the stock. Compute the

selling price of the stock as 250 43.50 = $10,875. The transaction fee is fixed at $45;

that is, it remains the same regardless of the number of shares of stock that are bought or

sold. The client must therefore pay $45 when purchasing the stock and another $45 when

selling the stock. The client's net profit is computed from the from the equation to be
$10,875 — ($7437.50 + 2*45) = $3347.50.

" Example 2: The following table lists the accumulated amount A in a savings account earning

5% simple interest yearly. The variable ¢ represents the number of years since the account is
opened. Assume that the initial deposit is $1000 and that no other deposits or withdrawals

are made from the account.

(3]
=

t 0 1 2
A 1000 1050 1100 1150 1200

BEST COPY AVAILABLE
05




Julv 8. 1

Today began with the students voting to have their first test on Tuesday. We
then proceeded to look at problem #4, page 25. Professor Kenelly 'asked the
students why prices take on a linear form. He answered that companies think
that they can slip another dollar in every year or two. . Thus they have linear
growth. Example: Ford Mustangs. How much price change (for a Ford
Mustang) occurs per year? One student said $300 (because people wouldn't
go for it if it were too high) and another said $2000 (they have to keep »up
with newer cars coming on the market -- they have to make improvements.)
Mustang prices increase $500 every year. Why? Because they have a-good
product and they sell consistently. Manufacturers can't afford to lose
popularity so they can't raise prfces much. What's the best way to know
what to increase by? The answer is "Did it work last year?" This is called
momentum. You need to know models and be able to look at the data.

... (Back to the problem.) Does it (the data) look linear on a scatter plot?
We did a regression line to fit the data -- looked like a good fit. Professor-
Kenelly asked students what a football ticket is worth. Student answers: 1)
Different amounts to each person and 2) Whatever the fans will pay. There
is no product being sold here. What is being sold? Student answer:
Entertainment. Why did they increase form $8 to $9? Student answer:
Cause they sold a lot of tickets last year. It worked so do it again. Another
student said that it was "justified.” Professor Kenelly told him that there was
no justification to it, it just worked. Now everyone says, "Do it again next
year!" Suppose you raise it two dollars instead of one? If it worked, good
(promotion). If it doesn't work, you get fired. A couple of reasons to say
two dollars is because of an aggressive nature and because you looked at
your model and saw that with the model you could raise prices $2. (This last
point came in a roundabout way.)

We then looked at the equation of our best fit line. It was
y=-47.8 + 0.72x.
Is this model guaranteed? Students answered that it wasn't. Kenelly said -
that they had done some good thinking, and there is no guarantee on the
model. After some discussion of the correlation coefficient r, they looked at
predictions and decided that it would be shaky for a prediction for 1997 and
really shaky for a prediction for the year 2007.

o1
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Linear Modelling
page 25

d. Would it be wise to use this model to predict the enroliment in the year 2000? Use
your estimate of the 1993 enrollment in an explanation of why you answered as you

did.

" 4. The price of tickets to Clemson home football games is given in the tabie below.

Year '77 '79 ‘81 '83. ‘85 '87 '39 91
$ Price 8 9 10 12 13 15 16 18

| Find the best fitting linear model.
b. Find r and 72 for your model. Interpret the meaning of each of these in the context

of this problem. ‘

¢. Use the model to predict the ticket price in 1993, 1995, 1997. (Round the nearest $.)
d. Suppose you graduate, get married, and have a child who attends Clemson.
Predict the price you will have to pay to attend a football game with your child
during his or her freshman year. Describe in detail how you arrive at ybur answer.

e. Repeat part c. assuming you have a grandchild who attends Clemson.

The percentage of funding for public elementary and secondary education provided by

the federal government is given below:

Year '81-82  '82-83  '83-84  '84-85  '85-86 '86-87  '87-88
% Funding 7.4 7.1 6.8 6.6 6.7 64 63

Find the best fitting linear model.

b. Find rand r2 for your model. Interpret the meaning of each of these in the context
of this problem.

c. What is the rate of change of the model you found?

d. Based on the model, estimate the % of funding provided by the federal government
in the 1993-94 school year. Do you think the estimate is reasonable? Why or why

not?

Consumer credit was $619.7 billion dollars in 1987 and $748.3 billion dollars in 1990.
Assume that consumer credit increases at a constant rate.
a. Find the rate of increase.

b. Based on the rate of increase, estimate what consumer credit will be in 1994.
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As mentioned before, assessment needed to reflect what was happening in the
classroom. So much of the modeling section required students to make characterizations of
situations. Professor Kenelly's first pop quiz was the simple question "What do you mean
by line?" Students were give a few minutes to answer this on their own then Professor
Kenelly asked them to get into pairs and give a joint description of "line". This went fairly
well; however, it took some students a few moments to understand that he wanted them to
give characteristics of linear models. _ '
 The major assessment task for the modeling section came in the form of a group project.
The groups each consisted of three students. Each- group member had a specific
responsibility that was assigned to them by Professor Kenelly. These responsibilities were
1) Scribe: keeps minutes of the group meeting, 2) Organizer: makes arrangements for
meetings, and 3) Reality Checker: responsible for making sure everyone understands one
another. They were assigned a project which required them to examine the current student
fee refund policy of Clemson University. (See the insert on the following page.) They were
to look at alternative models and choose one that would satisfy the largest percentage of
stakeholders. They had to explain why they accepted or rejected a speciﬁc model. A couple
of student éamples from the Summer Session 1993 projects can be found at the end of this
Appendix. ' o :

Looking at a list of data méy be fun for some students, but actually creating data was an
interesting experience for the entire class one day. ' '

uly

...The class participated in a rather interesting activity. There were 26
students in the class. The students were numbered from 1 to 26. Using the
graphing calculator’s random number generétor, we chose one person at
random to enter the classroom with flu at 8 a.m. and sneeze. (This student
was then to go to the back of the classroom since he had the flu.) Then, at
8:10 a.m. another person catches the flu from the first and we generated a
random number to represent this occurrence and determine this other person.
That person went to the back of the room as well. These two people then
sneezed, each giving the flu to another person. Two random numbers were
generated to represent these people. Again, the students with those numbers
went to the back of the classroom. When a number was repeated, we
considered it as the event when no one new was infected by the sneeze. The
following is the data that we generated.
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MTSCH 102 PROJECT I
Clemson University
Summer II 1993

SETTING: Recent budget cuts have forced universities in South
Carolina to cancel many required classes and students are having
to repeatedly enroll and withdraw from the University in
attempts to find the classes that they need. The fee refund

- policies are being questioned and a great deal of public debate is
taking place. The Higher Education Commission has scheduled
hearings on the issue this fall and the Clemson Board of Trustees
has hired your firm as consultants. to help them prepare their -
presentation. The student senate has passed a resolution
condemning the current schedule. The faculty senate has
appointed a committee and "asked for a meeting with the
President's cabinet. The Vice President for Business has hired a
new Associate Vice President for Student Fee Refunds and he
has authored an article in the Greenville News stating that
further erosion of the University’s ability to retain student fees
would cause even fewer course offerings.

3 TASK: Examine the current fee refund schedule. Critique it and

' explain everyone’s displeasure. Examine alternative plans,
including at least the linear, quadratic, exponential, square root,
logarithmetic, no refund and complete refund models. Detail
your full list of alternatives and explain the resulting schedules
that each would produce. Make a selection and justify your
choice. Give an explanation for each alternative plan that you
have not taken and justify your rejection. Prepare the board’s
response to any member of the commission when the individual
asks the Clemson representative why the University did not
accept any one of the alternative plans. (The commission has
farmers, businessmen, parents, plant managers, educators; and-
politicians in its current membership.)  Prepare the press release
that Clemson University will use when it announces the
installment of your plan. (Remember press releases should
.attend to the What, When, Where, Why.and Who

i
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Table 1: Epidemic D

‘Time Number Infected
8:00 1
8:10. 2
8:20- 4
8:30 7
8:40 9
8:50 . _ 16
9:00 23
9:10 : 25
9:20 26

9:30 26

We plotted the data and got a logistic type curve. We then ran the _
"Logistic 1" program with limiting value 27. The "Logistic 2" program then
graphed this function for us. Using the real mode of the Sharp EL-9300
calculator, we found the coefficients for the logistics equation .

y = LAl + AeBx),
They were A =63.0179 and B = 0.78. We also got the values / = 5.26 and
J=13. 5. These were explained to be the coordinates of the inflection point.

Professor Kenelly asked why anyone would want to know this equation.

A student said that it could be used to stop the epidemic. Kenelly said that we

~can't really stop it. Another student said we could use the equation to be
" prepared for the epidemic. Professor Kéenelly agreed and said that the

infirmary would need to know how many beds they would need. We then
looked at the first part of the data up to 8:40 a.m. We ran the logistic
program just on this section. We found A = 46.38, B=0.66, I =5.8 and
J =13.5. From the graph of this new model, we saw that we could have
predicted pretty close the remainder of the data.

When does it (the model) break? At (I,J) = (5.8, 13). We also looked at
different values of x and saw approximately how many people have
contracted the flu. At x = 8 (around 9:10 a.m.) we got y = 21.84 or
approximately 22 people have the flu. What else is the model good for?
Making health plans by understanding models. What would happen if two
people came in with the flu, instead of one? What if we took half of the
people with the flu out of the room? Would it have slowed down?
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Students also looked at other types of models. Professor Kenelly often wanted students
to characterize these models in every day language and not just rely on mathematics jargon.
This often frustrated students because they were not used to this type of explanation process.

July 22. 1993:

...Next John asked students to explain the difference: between the
exponentiai and logistics models. One student answered that logistic curves
have inflection points. Professor Kenelly asked what were inflection points.
Students answers were 1) where rate changes, 2) where it goes from
concave up to concave down, and 3) where rate goes from increasing to
decreasing. With each response John said, "Don't give me none of that math
stuff!" He then proceeded to say it was a change in behavior. It has different
characteristics on each side of that point. _

Students were asked to differentiate between logistic and exponential
curves. A difference given by one student was that one slows down and the
other keeps going up. (Professor Kenelly offered that the exponential goes
up "eternally”.) He related this to the birth rate of Mexico City. He asked
what kind of model it was following now. A s'tudent‘ said that it was
exponential. Why can't it go on forever? Another student said that there is
not enough room. Kenelly agreed and added that there is also not enough
jobs or food.

Finally, a last difference was given by yet another student. Logistics
curves approach a limit. Professor Kenelly said a better word would be

‘maximum or saturation point.

Because of the newness of the material, it was difficult to judge just how much time
should be spent on each topic. Thus, by the end of the session, Professor Kenelly was
pressed for time to get into the topic of derivatives. It also seemed that he was not quite as
sure of himself in presenting material on rates of change and tangents. He strived to stay
with the same philosophy that these topics can be communicated without using so much
mathematics jargon. This took a great deal of thought and time to carry out. However, it
was always helpful to relate concepts back to applications.
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July 30, 1993:

...We graphed y =sin(x) and y = cos(x) (Figure 3). We were told that
y = cos(x) is the rate curve of y = sin(x).

Figure 3: Graphs of the sine and cosine functions

Professor Kenelly pulled out an overhead of a stock market report from the
Wall Street Journal. In order to study an economic curve you should study

" its rate curve (its "speedometer”). We discussed positive (where the market .
increases) and nega;ive (where the market decréases) slopes (of tangent

lines.)

Take empty trucks SELL now!

/ /\\ % '//“\\ \/‘ N

/ \ / \\\ }
. : /
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' Figure 4: Stock Market Application--Rates of Change

When do you change from selling to buying? When the decreasing rate stops
dropping. A student said that happened where the line is (indicating the left
most arrow in Figure 4). Another student asked that if its that easy, why
aren't we all millionaires? Professor Kenelly said that was a good question.
Does everything conform to scientific models? The class said no. Things are
not that easy. What does this tell us -- the underlying principle behind that
phenomena? Should we study this at all? Student answers were 1) it
behaves to some degree that way, and 2) not so much the phenomena curve
as the rate of change curve.
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What if you don't have a rate curve? The Wall Street Journal doesn't
always give the rate curves. OngAstudent said that you have the data.
Professor Kenelly said that was right. You can look for decreasing rate of
the increase in the second differences. In the cycle situation, look at the

_ differences. You need daily information. What drives cycles? One student
said advertising. The magic word is "externally" driven. It is not like the-
logistic curve that feeds on itself. A student then asked, "Can you use cycles
to plot how productive a worker is during different shifts?" Professor
Kenelly replied, "Sure." . (Out of time.)

The course ended with groups (same ones as before) giving presentations on-a project
that dealt with rates of change and tangent lines. This was not a trivial project, and for the
most part, groups did rather poorly on it. When questioned about specific points of their
presentation, students often stammered and revealed that they did not exactly understand
what they had done. However, there were some groups that did very well with the project
and handled questions from the project staff effectively. | Examples of the Final Project
Reports from the Summer Session of 1993 can be found at the end of this Appendix.

Aside from the projects, Professor Kenélly gave two major quizzes. These were
basically given to see how well students were working with the calculators and interpreting
data. Students were not allowed to work on these cooperatively. The first test was given
while Professor Kenelly was away at a conference. Ms. Searcy proctored this exam. -

July 13. 1993:

... I looked over the students' papers before I put thém in Professor
Kenelly's box. The calculator sections seemed to be fairly easy for most
students. The discussion questions were better and worse than I expected.
Some students did some great thinking. There were several cases, however,
where the students just repeated words they memorized from Professor
Kenelly's lecture rather that thinking for themselves. Old habits die hard!
Students seemed to pick up well on the concepts of exponential and logistics
modeling. Professor Kenelly did tell the students that they would not be
responsible for logarithmic models, yet the last question dealt with this idea.
I'encouraged students to answer it to the best of their ability. Several did well

on it.
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MTSCH 102 PROJECT I
Clemson University Summer II 1993
Rates of Change/Tangent Lines

SETTING: You have been employed by First Trustworthy Bank as a consultant to
recommend guidelines for using the "rule of 72" by its employees. Dramatic interest
variations have been induced by vacillating economic policies of the government and
bank customers are frequently questioning tellers about the growth effects of different
CD rates. The bank wants to instruct the employees on how to explain to the
customers "years to double” comparisons and it wants to have them use the "rule of
72." Thus, the officers need to know the accuracy of the "rule of 72" and guidelines on
its use. You are to brief the officers on those points as well as comment on the
sensitivity of the error in the rule to interest rate changes. That is, you need to
compare the slopes of the tangent lines on both curves at interest rate levels at the
integer values between 2% and 20%. With this data, you should explain what errors
in the approximation and differences in the slopes of the two curves mean in relation to
improving or degrading accuracy in the approximation. The curves in question are the
comparisons of the rule of 72 and the true values for "years to double” as a function of

interest rates.

TASK: You are to prepare a draft of the memorandum that will be distributed to the
employees in the bank's regular series of prepared answers to. customer questions
"When you are asked....” The draft memorandum should be delivered to the editor on
Friday July 30 and as consulting firm #10, your 5 minute presentation to the officers is
scheduled at 8:40am on Wednesday Aug 4 in M-104. Other consuiting firms will be
making their presentations, so the schedule is very rigid. Arrive 10 minutes early and
remain in the hall. You will be called in when the officers are ready. The bank's
chairman, Don LaTorre and its president, Cindy Harris are available for limited
questions at 656- 3437 and 656-1302 respectively. The editor of the"When you are
asked...” series, John Kenelly, is your principal contact and he can be reached at 656-
5217. A Sharp 9300 presentation computer and an overhead projector will be available
in the presentation room. You will need to arrive with you presentation

transparencies prepared. Your memorandum should include and highlight a "caveat”
statement for the tellers to make when they respond to customers. This is to protect -
the bank from legal consequences of its employees using mathematical
approximations. o

TECHNICAL BACKGROUND: '
"The Rule-of 72" The numbers of years that it takes money to double is estimated by
dividing 72 by the annual interest rate, p, expressed as a percent. :

The correct mathematical answer is given by N when the expression, (1+p)*N, equals
to 2. : : :

6&



Quiz 1 - Thursday, July 13, 1993 page 1 NAME:

MTHSC 102 Clemson University

1. (a) Enter the “price of eggs” in China data into your calculator:

go 82 84 86 88 90
2 6 14 22 26 30

(b) D-o an auto scatter diagram. Sketch the resulting screen

" (c) Do an ax+b regression. Sketch the resulting screen.

(d) Which data points are not on the line?
(e) What is the equation. of the regression line?
(f) What is r? r2? Explain what r2 describes.

(g) Estimate the price at 83.
(h) Esi_iqlate the price at 85

5. Use the solverto solvey =y = Ax2 + Bx + C
(@) withA=3,B=2,C=1,x=1234

(b)withA=3,B=2C=1,y=5

. \‘1 ‘ . 8—-2 C 3 o 4021 Bg
_‘MC (C)WlthA=1, =& =3,X=4a.0c!




Quiz 1 - Thursday, July 13, 1993 page 2 NAME:
MTHSC 102 Clemson University

3. Compare the graph of y = x2 and y = x4

(a) between x = 0 and x = 1. Sketch the screen. Show your screen size.

(b) between x = 1 and x = 2 Sketch the screen. Show your screen size.

4. Explain why your water bill would be a linear function of the number of days
in the billing cycle.

5. Explain why the number of pump strokes on a bicycle pump would be a
quadratic function of the pressure level you want to achieve.

" 6. Explain why the gate receipts at a football game are a linear function of paid
attendance. - . : .

7. Explain why the number of sales on the latest style T-shirt grow
exponentially.

8. Explain why advertising effectiveness grows logarithmetically as you
increase your ad purchase.




The second exam was basically calculator computation. Students had some difficulty
with the RANGE function on some graphs. Also, they had difficulty finding the regression
equation coefficients. Several students just put the generic formula for their answer. 4

Finally, Ms. Searcy wanted to get a feel for how students perceived their experience:
during this trial run of the course. Ms. Searcy conducted several student interviews.
Summaries of these interviews can be found at the end of this Appendix. For the most part,
students were pleased with the course and what they learned. They were particularly
interested in the applications that were given in the class. One other indication of students’
feélings toward the course was given at the end of the session in class.

~ August 2, 1993:

... (Professor Kenelly asked) "Is the class worth it?" One student
replied that it is a good program. It needs time to make changes. Students
have the attitude that math class is where they watch the teacher write on the
board. Time is needed to change students' attitudes. It is worth it! We need
it. Board meetings are going to require this kind of stuff. Students need to
think on their own. As for group dynamics, we need to implement this at

earlier levels.
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Quiz 2 - Friday, July 23, 1993 page 1 NAME;

MTHSC 102 Clemson University

1. (a) Enter the “price of eggs” in China data into your calculator:

1 2 3 4
8 22 60 164

(b)'Justify that an exponeritial model would fit the data?.

(c)- Do an auto scatter diagram. Sketch the resulting screen _

Xmin = Xmax= V Ymin = Ymax =

(d) Do an a*eAbX regression. Sketch the resulting screen.

(e) What is the equation of the regression equation?

(f) Estimate the price at 5.

2. Assume that the data in question 1 covers the first four months of the year.

(a) Find the average rate of change over the first two months.

(b) Find the average rate of change over the first four months.



Quiz 2 - Friday, July 23, 1993 page 2 NAME;
MTHSC 102 Clemson University

3. (a) Enter the revised “price of eggs” in China data into your calculator:

1 2 3 4 5 6 7 8
§ 22 60 164 430 1000 2000 3500

(b) Do an auto scatter diagram. Sketch the resulting screen

Xmin = Xmax=  Ymin = Ymax =

(d) Fit a logistic curve. Use L=4000. Sketch the resulting screen.

.
F .
(e) What is the logistic equation?
(f) Estimate the price at 5.5.
4, Graph_ thé curves Y1 = éx,YZ =In X, and Y3 = -X
Use Xmin = -2, Xmax = 2, Xscl = 1, Ymin=-2, Ymax =2, Yscl = 1-
(a) Sketch the screen.
(b) Find the value of Y’ where Y1 = eX crosses Y3 = -X
s (c) Find the value of Y’ where Y2 = In X crosses Y3 =-X




Project 1: Summer Session 1993

Student Samples

T mpl iven:

e Group 3
e Group 7
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PRESS RELEASE

Oon Wednesday, July 21, Clemson University plans to put into

effect the new refund schedule for 19%94. Recent budget cuts have

forced the UnlverSLty to cancel many courses requlred for

graduation and students are forced'to repeatedly enroll and

withdraw! to find the Elasses they neéd. The debate over the
current schedule came about when many students felt the
University was not fair in the amount of refunds. Clemson
University’'s vice president for student fee refunds had stated’
that any more cutbacks would further the school’s economic |
problems andlcéuse even less courses to be offered.

The board of trustes’ new proposal seems to satisfy both
sides. The old schedule decreased the amount refunded by 20% for

every week the student attended; The new schedule does not

change by a constant rate. Instead, the rate ranges anywhere
from 4% to 8% depending on the week. Also, the withdrawal period

is lengthened from four weeks to six weeks to allow the students
more time to become aquainted with %the course.

To make up for the ﬁéw rate cut, the trustees have placed a
15% buffer on tuition prices. The University keeps this 15%, no
matter when the student withdraws, to cover registration costs:
and other expences. Also in order to keep students from taking
advantage of the six week systeh, extra withdrawal hours are
charged to those students who withdrawal after four weeks.

ATter numerous studies, the University Board Of Trustees
found this plan to be most beneficial to all sides. While
oroviding with a new found freedom, this plan also relps Clemson

7Y
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deal with state and federal cuts.
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Clemson University Board of Trustees Presentation
on the Proposed Refund Schedule Changes*

Linear Model — The current schedule allows for a refund percentage of 20% to be removed every week of the
class during the first four weeks of attendence. This schedule is used during the Spring and Fall semesters only.

Arguments to support both student and faculty views are as follows:

- Many students feel a four week period is inadequate in becoming aquainted with a 15 week course.
« Another objection relates to the rate of increase. By the time the first exam in a class is taken, two to three

weeks have already passed; the rate is too high to consider withdrawal. _
. After four weeks, a student is denied any refund, even though having only attended for less than a third of the

semester. . S .
. R ‘University Retention

. The University is already facing economic setbacks, any further reduc- 100
tions would cause a decrease in the quality of classes. : /

- Many faculty members feel that the refund schedule is adequate to 80
compensate for the invested time and effort of professors. /

. The University has numerous expenses that accompany each-student, 80 /

even those who withdrawal. There are registration costs, parking man-
agement, and numerous other expenses that must be paid. 40 /

Percentage Refunded 20

1 weeK.oiovenens 80% refunded

1t02 """"""" 60% 0 Woek 1  Weok2 Woek3 Wesks Wook de

i

' University Retention
Quadratic Model — This model is not practical in relation to the 100 _
University’s refund schedule. While the initial rates run slightly below - / d
current values, from there they increase dramatically. This proposal 80 .

would undoubtedly reduce the number of students enrolled each semes- / » /
ter. The rate, inidally starting at 80%, would decrease to 20% the second

week before reaching 0% at the third week. The rapid increase in rates / /
would hun_,Clcmson’s financial status in the long run. Any decrease in 40—t L
enrollment will further the economic problems and hurt the University’s ' / Vs
ability to provide a quality education. | ol

Percentage Refunded S S L i
1 weeK oo 80% refunded - Wook1 Wosk2 Wesk3 Weehd Westfs

1102 weeeeeei20%
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University Retention

Egcponen_tial Maodel — This model poses an even more unrealisoc 100 —
* approach than the quadratic model. The rate starts higher and increases /
faster than earlier examples. Although the exponendal model allows fora g / o
total refund before the course ever begins, the subsequent increase is sO / /
drastic, it would only encourage student protest and cause a decrease in 60 /
enroliment. A { /
, : ' . 40 —
Percentage Refunded T /
1 week .ooereenes 46% refurided E I
102 ceveennenenes 0% : :
0 -1 1 1 1 —

‘Week 1 Week 2 Woek 3 Wookd Weok 4+

Square Root Model — While this model proves to be more promising than cithcf the exponential or quadratic
models, it still would not solve the economic dilemna of the school. The rate of increase is t00 small to support

the budget of the University and the inidal percentage is insufficient, as University Retention
_ well. This model, while provideding a more moderate increase, is 100 :
-encouraging to students. ' ) /
" Percentage Refunded 8 /‘i

1 week...........80% refunded ' 60 : ,_/
102 72% ' ' A //
2103 ceeeeenene ..65% L . 40 . .
3104 coneneenene 60% , » '
Bt crerereeneirenens 55% : . 20

Weok 1 Weok2 Woek3 Weok 4  Woek 4+

LogarithmicModél — Initially, this model does not cause any decrease in the refund until the second week.
From there the rate slowly progresses and a minimal slope is in effect. With this model, students would receive
the same refund amount after the fifth week that they currently receive after the first week of enroliment. This
plan, while appealling to students, would not be economically sound for’ University Retention

the University causing course cutbacks. 100
Percentage Refunded ' 80 —,c—/
1 week.ooeerneens 100% refunded ‘ / :
1102 ceveverenenes 94% 60 ol —
2103 weereeerriees 90% e
3104 eerrenenens 88% 40 e
Bt coeeerreneensaens 86% o
20—

' \ | 3
Weon 1 Weok 2 Weon 3 Woon 4 Woek 4

(9]
me
w
—3
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o
e
<
=
=
|
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University Retention

. 100
No Refund Model - Impractical. This model would temporarily /
remedy the economic problems of Clemson but student opinion 80 .
would quickly result in a drastic reducton in enrollment, causing dis- /
aster for the school. There are few, if any, benefits for students with 60 <
this plan. ‘ y
, .40 /.é/
Percentage Refunded - e
1tod+..nee. 0% refunded _ 20—
0 L 1 d L —_—

Week 1 Weok2 Week3 Weekd Week ds

University Retention

Complete Refund Model — This model would definitely have the need-

100 —0—
80 yd ed student support. But, it would quickly ruin any attempt by Clemson to
//’ overcome budget cuts and reestablish lost classes, also, there would be
50 v : ~ no compensation for the money already spent on paperwork and time.For -
: : students, this plan would provide more flexibility in finding necessary
s classes. '
40 o
s
i '
20 s o Percentage Refunded
1to4+............100% refunded
1 . ! L —

Weok 1 Woek 2 Week 3 Woek 4 Wook ¢»

:M‘,“_I

Suggested Proposal:’

Square Root Model + 15% Non-Refund - This could serve as an acceptable alternative to the present sched-
ule. By imposing a 15% base, the University covers any costs incurred while registering and recording student
information. At the same time the length of the withdrawal period is lengthened to six weeks instead of four
allowing the student to become familiar with the course. However, University Retention

each student who withdrawals after the first four weeks is assigned 100 ~-0——0—
extra withdrawal hours; but, no economic penalties are enforced. The : /
decrease in the refund rate schedule encourages students to partici- 80 —o—
. pate longer and saves them anywhere from 10% to 36% after the first R :
three weeks. ' : 60 —of— —
Percentage Refunded . ' 40 v
15% non-refundabie /,/'
1 week ............ 65% 20 o
1102 o 57%
210 3 50% 0 Wook11Wuk2'wook3|Wookt'Woek5'WooTSJ
3104 e 45%
M 4105 i 40%
= 5006 corvreenes 36%

*Inaccurate records prevented exact predictions to be made. All examples are based on current estimates.

O
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We as the members of the Anderson Consulting Company have
thoroughly reviewed the current fee refund schedule of Clemson
University and have concluded that an alternative plan would
be more beneficial.

The company agrees with Clemson's current plan of "No
refunds will be made on a semester's tuition and fees after
four weeks from the last day to register." The student should
also send a request to the Office of Business Affairs prior

_to the beginning of the next fall/spring semester or subsequent
summer term to be eligible for a refund. However, the
existing percent refunded between weeks is not the best choice
for all parities involved. '

The University would initially attract more students if
they were promised a refund of more money after the first week
of enrollment. The University would gain more money in the long
run if the students had the assurance that they would be refunded
more than 80% after the first week. More students would enroll
than would drop out which would allow for an increase in funds
for Clemson. We agree with the linear model because the refunds
should be in equal increments. If the students were offered
a larger percent of the entire tuition during the first week
they would be more likely to make a premature decision to
withdraw. If they were refunded at equal intervals each week
then they would be more likely to stay at the University for
a longer period. This would be more beneficial to the school
because they would refund less to students. )

As the group convened we looked at all alternatives and
decided that the linear model was the best choice.

guadratic .
The plan that we studied in the quadratic is as follows:

1 week or less 90%
2 weeks or less 75%
3 weeks or less 55%
4 weeks or less . 30%
atter week 4 - " 0%

After reviewing this plan, we have decided that this would only
benefit the student. The refunds are entirely too high and
there would be money lost by the university. The university
would only receive 45% of the tuition after the third week of
enrollment. The time and money provided by the university will
never be compensated for if this plan were installed. The only
members of the commission that would benefit from this plan

are the parents of the students who withdraw. Everyone else
will be effected by the increase of state taxes made to support
the school. The farmers, businessmen, and plant managers will
feel the tax increases as well as their employees. The _
coliticians will be pressured by different groups to deal with
*he tax increase. The educators will be effected because the
cuality of education will decrease at Clemson. University. There
will be fewer programs and resources.

BEST COPY AVAILABLE
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no refund
after enrollment 0%

The no refund plén would be more than fair to the school but
less than fair to the students and parents. Some businesses

" provide tuition for their employees who are enrolled in classes.

The business would loose all of their money if the student had
to withdraw. The business sector would refuse to pay for any
tuition for their employees to further their education. There
would be less growth in companies. "This plan would be very
unfair to all parties involved as well as t+he university.
Students would less likely- enroll knowing that they would not
receive any percent of their tuition if they were to withdraw.

‘complete refund

4 weeks or less _ 100%

The complete refund plan would not pe profitable to the

university at all. The student could take advantage of the
resources and programs of fered at. the university for up to four
weeks without any financial investment. The instructors and
faculty would have undergone a lot of preparation and spent

a lot of money. The university would loose tremendously.

BESTCOPYAVA&ABLE‘
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exponential
The exponential plan that we studied is as follows:

week 1 : _ 90%
week 2 84%
week 3 72%
week 4 48%
after week 4 0%
As you can see by this model, the only party to benefit

would be the student. The school would only receive 52% of

the total tuition by the fourth week. The results would be

very similar as the previous quadratic model but they would

be even more detrimental to the university. Needless to say
our company guickly ruled out this option. : '

square root
.The square root plan that we studied is as follows:

week 1 90%
week 2 . 88.27%
week 3 . ' 85.37%
week 4 B o : 76.60%
after week 4 . 0%

This plan was found to be outrageously expensive to the pérties
involved and a poor choice for Clemson. The percent refunded
is much téo high and all of the negative effects of the previous

models will certainly apply.

logarithmetic : :

The logarithmetic model that we studied is as follows:
week 1 : : 90%

week 2 ' 73%

week 3 ' 52%

week 4 i 24%

after week 4 - 0%

Once again our company has found fault in another model for

fee returns. This model will benefit the students more so than
the other parties involved. After three weeks, the student
will have received more than half of their tuition back. "The
university ‘has invested a great deal of time and energy into
setting up the courses and should be given more compensation
than the logarithmic model allows.

The Anderson Consulting Company-has rightfully chosen the
linear model for Clemson's improved fee refund schedule. Our
company is confident that an increase of ten percent in the
refund for the first week will be very beneficial to all members

of the Higher Education Commission.
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The linear plan that we have selected is the following:

refunds for one week or less - 90%

refunds for less than 2 weeks 67.5%

refunds for less than 3 weeks 45%

refunds for less than 4 weeks . 22.5%
4 weeks 0%

refunds for more- than

This plan will allow the student to be refunded 90% of the
initial tuition.during the first week. It also diminishes in
equal increments. The university as well as the students will
benefit form this model. The public debate will come to a
peaceful settlement if this plan were to be put into action. '
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GREENVILLE NEWS

Clemson University officials finally acknowledged the
rioting students and changed the refund system to curb the large
number of students dropping out of the university. The students
complained that the university was taking too much money from
them when the classes they needed were unavailable. A sub
committee to review the refund schedule was hired by the.
university to see what changes could be made. This committee
found tha: 90% of the money should be returneé to the students
during the first week instead if the 80% the university has
been returning. The ten percent difference would be enough
to cover any processing fees charged by the school. After the
first week, the refund drops 22.5% where in four weeks the
student will get no refund. The old refund schedule gave the
students a 20% drop every week when starting at 80%. There
has been plenty of positive feedback for Clemson's new plan
and it looks like it is going to be a great success.
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Final Project: Summer Session 1993

Student Samples

Three Samples Given (written project and summary of presentation):

* -Group 4
. Gfoup 7
. Groﬁp 10

30




Memorandum

To: all employees of First Trustworthy Bank
From: Goude, Heckel and Wechselberger, hired consultants of First Trustworthy Bank -

Date: effective July 30, 1983
Re: new employee policy concerning CD rate inquiries

Recently, First Trustworthy BAnNk has received frequent questions from
customers concerning CD rates. The simplest and most reasonable method to explain
“years to double” is the “rule of 72”. . '

For those unfamiliar with the “rule of 72", the rule easily calculates the number
of years an investment takes to double in value. By dividing 72 by the appropriate
_interest rate, the rule solves the question. For example, if the interest rate is six

percent, 72/6=12. Therefore, an investment with a six percent interest rate will double
in twelve years, according to the “rule of 727, ' ' : :

However, this number is only a close approximation and not necessarily the
actual doubling time for any investment. For rates higher than eight percent the “rule
of 72" becomes more and more unreliable since the rule indicates a time preceding
the actual doubling time. Thus, it would be inappropriate to use the rule for an interest
rate higher than eight percent without informing the customer that the time is indeed an
estimate. . ' ' '

The bank and its employees can alleviate this problem by providing a three
month grace period on investments with interest rates higher than eight percent. This
.grace period would cover interest rates up to and including twenty percent.

Therefore, “when you are asked” about current CD rates, apply the “rule of 72"
and inform the customer of the bank’s three month grace period on the doubling
estimate of investments with interest rates higher than eight percent. Failure to do so
might create problems of customers holding the bank liable for misrepresentation.

Caveat statement (to be repeated after approximate time is given)-

The bank wants .all its customers to be informed of the fact that the time period given
for the doubling of CD values is an estimate, and a three month grace period should
be added to the period to account for any error in the calculation of the time period.
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A Practical Approach-

A customer might be inclined to ask, “How does an interest rate percentage
affect me in terms of dollars?” You, as a worthy public service provider, can inform the
customer as to the numerous benefits associated with varying interest rates. For
example, bank researchers have discovered that for the last four years, interest rates
have been fluctuating at a constant rate yearly. For instance, CD rates heid steady at
5.3% during the summer months of May-August during the years 1888-82. Also, the
interest rates increased to 6.8%.and remained during the winter months of November-
February of the same years. Therefore, it would clearly be in-an investor’s best interest
to purchase CD's during these winter months. You can inform the customer that, by
using the “rule of 727, it would take approximately 2.85 years less to double his/her
investment with a 6.8% interest rate than with a 5.3% rate. Situations such as this can
be beneficial to both the customer and the bank. ' '
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Final Project Presentation Summary: Summer Session '93

Group 4

Presentation: .

| This group began by setting up the overhead panel that would allow’
them to display the screen of their Sharp calculator. They used the calculator
to graph the actual values for doubhng time and the estimated values given
by the Rule of 72. They indicated that both graphs were very similar and close
together. They then used transparencies they had prepared to state the
problem and their solution. The sté_tement of the problem was not clear.
Next they displayed a chart of values for both the actual time to double and
the Rule of 72 approximations. They calculated the differences between the
two values and looked at how small the differences were. Finally, they use& a
"what if" strategy by contriving fictional data for the years 1988-1992 at several
different interest rates. They graphed this data with ovérlaid graphs which
was very hard to read. All three students participated in the explanation and
presentation of findings. o

During their presentatlon, they did emphasxze that the Rule of 72 was

an approximation. They said that between 0% and 8%, there was no problem
since the money actually doubled before the estimated time. However
between 8% and 20%, the Rule of 72 underestimated. - This is a problem. The

solution would be to put in the caveat a three month "grace period.” These
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students had a far better grasp of the problem than most. They located trouble

spots and then came up with ways to deal with them: |
Q&A:

The first question was about the last graph. The grader wanted to know
if all the interest rates were real. The student emphasized thgit théy made up
this data to show how and where the Rule of 72 céuld be used. Next the
grader stated that he did not understand the pfoblem stafed on the first
transparency. The student tried to explain what they meant, but kept
stumbling over his words. The grader kept after th Finallyvthe student
ended up cove-ring.up the transpafency and stated the problem verbally. He .
said that for 8% to 20%, the bank may be held liable for misrepresentation ’
since the money does not actually double by the esﬁméted time giveh by the
Rule of 72. | |

The grader went back to the last graph and asked the student to explain
it to-him again. He followed this with, "Show me May, 5.53% for 1991." The
student ga\.re a rough estimation of where this would be on the graph. He '
then said that the group looked at seasonal fluctuations of rateé-higher in the
winter—lower in the summer. They could use this to advise customers when
to invest théir money. | |

Finally the grader asked if the group would tell a customer that their
estimate was accurate té within three months or would they just add three
months to the Rule of 72 estimate. The student agreed that they would just

add the three months to the estimated doubling time.
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FIRST TRUSTWORTHY BANK

When you are asked.....-

A businesswoman approaches a teller and wishes to buy a
Certificate of Deposit. The CD‘that she is purchasing has an
interest rate of 5%. The teller will inform her that the CD
will double in value in 4.4 years using the "rule of 72". This

is an-approx1matlon of the time it will take the CD double.

The "“rule of 72" is a means of calculating the number of years
that it takes money to double. The rule is calculated by

dividing 72 by the annual interest rate expressed as a percent.

When explainiﬁg to customers "years to double" comparisons it
is very important to clearly demonstrate that the rule does
have some error. For example, if we lelde 72 into 20, the
answer is 3.6 years. We must explaln to the customer that it
will take 3 and 1/2 years for the money to double. We cannot
dismiss the numbers after the decimal point. It is important
for legal reasons for each teller to explain that the "rule

of 72" is only an approx1matlon. The customer must understand
that the money must be invested for a certain number of years
at a certain percent rate in order for the money to double in

the manner in which the "rule of 72" approximates.

ATTENTION. TELLERS:
You must explain to the customer that the "Rule of 72" is an

approximation and not always accurate. This will prevent the

. bank from being involved in a legal suit.

do)
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Final Project Presentation Summary: Summer Session '93

Group 7

Presentation:

This group had.ve»ry little to offer in terms of a presentation. The only |
~ visual aid that they used was the calculator. They used this to display scatter
plbts of .the Rule of 72 values. From this they went on to eXplain that the rule
of 72 was an approximation and that bank customers should be aware of the
discrepancies between the approximate vaiues and the actual times to double.
Ail three students participated in the presentation, the majority of which was
‘read from note cards. They never stated what the Rule of 72 was or explained

"how they found the actual doubling times.
Q& A:
The grader did not ask mainy questions. I am not sure why this was the

case. However, when asked the students were able to successfully explain that

the Rule of 72 overestimated after 8% and underestimated before 8%.
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FIRST TRUST WORTHY BANK

MEMORANDUM
TO: - Bank employees
FROM: Tnad consultants Group # 10

Lou Ann Waldrop, Data Recordist
Robert Roberts. Reality Specialist
Eliza Roberts, Organizing Manager

RE: An overview of the First Trustworthy policy on the Rule of 72 with
comparison to the real formula for vears-to-double C.D. investment plans.

As some of you may already know, the First Trusiworthy Eank uses the Rule of 72
plan {0 predict at what perceniages of interest and over what period of investment ume our

. investors can plan to double their investment. Because it is a mathemaucal model. 1t may

not always be accurate in the actual world of finance. The errors which mught occur, 1if not
mentioned 1o the customier, could result in a liability bevond the best interests of our
wnstitution.

It is for this reason that we feel it is essential for you to be aware of the particulars of
the model. Attached to this memo, you will find a table of values which include the

" projected vears to double using both plans. You should note the ciiing of error between the

two plans and should be able to explain this to your customers. A graph has been mciuded
which shows how closely the two plans relate, however the area of greatest concern has
been indicated with regard to the increase in etror in cne particular area of the Rule of 72,

A training and testing day will be set up at a later date tc insure that you understand
and can utilize this information. Should vou have additional questions, please feel free to
contact any of the following people who will be giad to assist vou:

Dr. Don Latorre, CEO
Dr. Cindy Harris, President
Dr. John Kenelly, Information’s Specialist
Thank you for your attention to this unportant 155ue concerning our working policies.

Please remember that it is essential that we provide cur customers with as accurate
information as possible.
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THE RULE OF 72

The Rule of 72 is a mathematical model which tells us thai ihe number of vears "N" 1o
double the investment is equal to 72 dnnded by the percent interest "P." The formula. locks
like this:

A table of values is provided for you on the next page for easy reference.

THE REALV ALUE

The Real number of vears that it takes 10 double an investment is a toathematical
model as well. It projects that the number of years N to double is equal to the natural log
of 2 divided by the natural log of the combined sum of 1 plus the percent interest dmded
by 100. The formula looks like this:

N= In2

In(1+ p/100)

Please refer to the tables to conpare the Rule of 72 with the Real model. You will note
that the two have very similar values. Note the "slope of the tangents” columms for both
models. These values act as a speedometer to show us the increasing or deeréasing rates
of change. The amount that these values differ between the two models may indicate
errors for which the bank may be held liable. In this case, the number of vears to double
continues to decrease with increasing interest rate.- The area in question oceurs berween 11
percent. 12 percent, 13 percent and 14 percent interest. The number of years to double has
been decreasing at a decreasing rate of change. The error 1z -0.03 at 11 percent. It doaps- | ncresse S
to -0.01 at 12pe-rccm_nndﬂmn£maseato-002 at 13 and 14 percents. This change
between 12 and 13 percent is evidence of error to be particularly aware of. If you refer to
the graph included, you wil zee again the similarities of the two models, and you will also
see the tangent lines at 12 percent which indicate that the rates become less simuilar here.

108
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TABLE

FIRST TRUSTWORTHY CD COMPARISON :
YEARS-TO-DOUBLE SLOPE OF TANGENTS (LIABILITY'

Percent interest Rule of 72 Realplan . 72's Y’ Real's y* Diff. or erro

' 2 - 36 : 35 -17.9 -17.3 - 086

3 24 23.45 -7.9 -7.7 -0.2

4 18 17.67 -4.5 4.3 -0.2

5 14 .4 1421 2.8 -2.8- 0.1

6 12 11.9 -2 -1.8 -0.1

7 10.29 - 1025 - 15 - 1.4 . --0.1

8 ] 8.01 -0.89 -1 -0.1

H ) 8 8.04 08 = -08 .  -003
- 10 7.2 7.27 -0.72 =~ -0868 -0.03
11 6.88 6.64 -0.6 -0.57 -0.03

12 6 6.12 -0.49 -0.48 -0.01

13 554 5.67 -0.42 -0.4 -0.02

14 514 5.29 -0.37 -0.35 -0.02

18 . 48 4.96 -0.32 -0.31 -0.01

18 - 45 467 - -0.28 -0.27 -0.01

17 424 442 . -0.25 -0.24 -0.01

18 4 419 - 022 -0.21 -0.01

19 3.78 3.99 -0.2 -0.19 -0.01

20 3.6 3.8 -0.18 -0.17 -0.01

\
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GRAPH OF RULE OF 72 MODEL AND REAL MODEL
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Final Project Presentation Summary: Summer Session '93

Group 10

Presentation:

| Th1s group started Wlth a transparency that showed a memo explaining
the Rule of 72 and actual doubling time formula. They then proceeded to use
a transparency that showed the overlaid graphs of these two functions and
compared them. Also they used the calculator to show the actual graphs
overlaid. From there they presented a data table transparency that showed
the interest rates, doubling times and something labeled "y™ that the students
called "slopes”. In regards to these "y"™'s, one student drew sketches of the -
two graphs on the board. She then proceeded to choose the points oh each
| graph corresponding' to a specific interest rate.. She sketched the tangent lines
‘to these points. She said that the separation between the tangent lines
indicated that the errors between the approximate valués and the actual
-values.were increasihg. This group was one in a small minority that
discussed "slopes” and-lo'oked-at tangeht lines.

Although all three students participated in the presentaﬁon,“there was
one student that basically spouted garbage the entire time he talked. It was
evident that he did not know what he was talking about. One of the other
students said that both the Rule of 72 and actual doubling time formula were

models—each was a different approach to the problem. She didn't seem to be
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real clear about what she meant by "approach” and which "problem"” she was

referring to.
Q&A:

- The grader began by asking what the y'-s were telling them. - The first
| student fumbled around by talking about "integer values” for the graph
Then another student jumped in by saying that she thought the grader might
want to know how they got y'. She explained that y' indicated slope = rise
over run. Then she said that it was going to take longer for money to double
at lower rates. The th1rd student interjected that the percent was decreasing at
each year. These last two statements were not challenged by the grader fer
further explanation. They were then asked why is necessary to look at y'
values. They said that using actual differences was okay, but they needed
slopes to give a more definitive answer. Again this wae not challenged
It seemed to me that from the discussion about slopes that the students
had some sort of superﬁcial understanding of what they were talking about.
- However, for the most part, they seemed to be throwing around alot of words

because they thought it would be expected of them



Student Interview Summaries

Summer Session 1993 _ 

Five §tuden_t Interview Summaries:
e July 26, 1993

* July 28, 1993

. July 29, 1993

+ .August 2, 1993

e _Auguét- 3, 1993
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Student Interview: Juiy 26, 1993

Sex: Maie

Race: African American.

Age: 20

Year: Sophomore

Major: Management

Number of times in MTHSC 102: i

Other Math Courses .at Clemson: MTHSC 104

| asked the student about his High school mathematics
experience and he said that he really enjoyed it. He felt that it was
one of his strongest subjects. Yet, he felt that math was just a
bunch of numbers and that ail he was required to do was "do the
test”. He told me that his attitude towards math has changed since
this class began. He thinks that math is neat. He really enjoys the
projects. They hit close to home. He can relate to them. He said
that he feit he had a better sense of buying things and how things
worked. .
He really enjoyed the group activities. - He reaiized that there
would always be conficts, but in the group, each person would
present their views on a problem and then the group would try to
woOrk towdards a consensus. He said that many times people wouid
bring up points that he had not thought of. He feit that one of the
greatest aspects of group work was that he had to clearly explain’
what he meant to the others in the group. Tiis required him 10 know
the subject much better and to think out what he had to say. :

When asked what he didn't like about the course, he repiied
thta there were no weak points. He liked everything. He said that
this course made math easier to understand. He then went on to
discuss the testing situations he had experienced. The tests
required you to know the basic stuff to work problems. He had to
know how to work the calculator. But there was nothing too taxing
on ine exams. As {ar as the caicuiator is concerned, he said he had
fun with it. At the beginning, when he was handed the calculator, he
considered dropping the class. He was sort of scared of the
calculator. The class looked really tough. But he decided to hang in
there and has really enjoyed himself. The calculator has made him

.think what his future holds in management as far as technoiogy is

concerned. He definitely sees himseif using some of the skills he
nas iearned this summer in his career.

115
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| asked him to objectively evaluate his progress this summer.
He said he had made progress every week. As the course progressed
he began to feel more comfortable with the material. He began

" asking and answering questions. He really liked the fact that there

was no right answer. This made him feel freer to answer questions.
He felt that he could contribute something to the discussion because
he felt confortable with the subjects discussed. Along this line |
asked him -about his previous class at Clemson. He really hated it.
He said that if he didn't understand anything that he usually didn't.
ask many questions. - The reason was because when the teacher
answered him, they flew by so fast he didn't get it. This was the
type of attitude he brought into this course at the beginning. He said
he was quiet at first because he felt it wouid be just like the other
class -- useless to ask questions because he either wouldn’ t get an
answer or the answer would be given too fast. In this course, he
soon discovered that since the problems were related to real life
situations he could understand more of what was going on
mathematlcally When he asked questions, the answers made sense.
They weren't just a bunch of numbers and formulas.

| asked him to sum up his experience. He said that this class
was like the real world. The things he learned in it are relevant to
his life. He said it was a "great class” and that he thinks it should
be a "required class." | asked him why he thought this. He said
because it teaches you real life situations. He referred to the car
buying situation and stock market curves. He said he felt like he
was better prepared to deal with real life problems that are going to
come up in the future. This was one of his better classes.

1i6



Student Interview: July 28, 1993

Sex: Male

Race: White

Age: 20

Year: Sophomore

Major:.

Number of times in MTHSC 102: 1

Other Math Courses at Clemson: MTHSC 104 (twice).
Couldn't grasp it. Computers bothered him - "computer illiterate"
No partial credit. » S

We started off by talking about his high school math
. experience. He went to a very small school. ‘The teacher was readily
~ available and took time to explain things to him. He took physics and
advanced math in high school. When he got into 104, he asked
questions but found that teacher went over it too fast. He could not
get it. He didn't like it at all. The second time around he was pretty
* familiar with how things worked. He memorized enough to get by.
From this his definition of math was just a bunch of numbers.” You
would never use it. After this class, he has a different attitude
towards math. He has actually seen where it can be used in the -
world. He could see using models in presentations. The Walmart
example seemed particularly interesting to him.
¢ He really enjoyed the class. He liked the fact that it was
small. The teacher was very personable. He also liked the fact that
: the projects were "real worlding it". He also seemed to enjoy
. working in groups. He said that there were differences of opinions.
But it was nice because it was almost guaranteed that one of the
three knew what was going on. They ended up splitting apart the
problems and working on them individually. :
As for the calculator, he enjoyed it. He said that graphs made
’ more sense now. On the first day, he was really excited by gettmg
the calculator. He went home and played with it.
This student hopes to take 207 in the fall. He feels that _his
attendance was not too bad. (He had missed 3 times at this point.) -
‘ He felt that he had done his share in the -projects and on the tests.
The last test he totally blanked out on. He said that he felt that he
learned slower than most people. When asked to grade himself, he
gave himself a B.

'vend
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Student Interview: July 29, 1993

Sex: Female

Race: White

Age: 23

Year: Fifth Year Senlor

Major: English

Number of times in MTHSC 102: 3 (falled once, dropped once)

Other Math Courses at Clemson: MTHSC 101 -stats .
MTHSC 105 - dropped

This student has a history of trouble with math. She took
Algebra | and il and Geometry in high school. She made D's in all of
them. She really hated math. It confused her. She had an extreme
case of math phobia. She had physical reactions such as getting hot
and sick. When she got to college it got worse. When asked to give a

~ definition of mathematics, she said it was "hell". She always hated

to go to class. In order to survive, she took a Tylenol before and
after class. She said math was always "this way or no way". That
is the reason she likes English so much. You can use imagination and

“emotions there. In math classes, this student felt slower than

everyone else. She asked questions but got so far behind.

Her attitude has changed somewhat since this summer. The
class was a definite improvement. She saw where mathematics was
applied to real life. She liked the calculator. It had systematic step
she could memorize and follow. That gave her some comfort. This
wasn't always the case. The first day when she got the calculator
she thought, "I'm dead." She was scared of it. The fact that this
class was structured so that algebra was de-emphasrzed made her
feel better.

There were some problems faced in this course. One source of
trouble came from the group projects. She was placed in a group

with an extraordinary intelligent student. He dominated the groups

proceedings. He became very frustrated with this student. He would
not listen to the other group members. He did not want them to
touch his project. The student | interviewed would have her other
group member explain what was going on. However, that member did
not always understand what was happening. Pretty soon they just
decided to be quiet and let the dominating student control. The
interviewed student said that hardly anything on the projects they
turned in belonged to her. She felt very worried about the third
project. She had no idea what was going on there. She said she
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honestly didn't know if she learned anything form that project. She
felt as if she would get to a point of some understanding and could
go no further. She said she was worried about the presentation. She
felt like all she would be able to do would be handie the overheads.
Tests were also problematic. It was pointed out by this

student how different the tests were from the projects. She passed
both of the tests. She did say that to stop having tests would be a =
big mistake. Students would have no motivation. She said that she

read through the first book and no further because she knew she

would not be tested on it.

Finally | should mention her standmg on the pass/fall grading
situation. | decided. to interview this student the day she received
her third "pass" for the course. This automatically guaranteed her
passing of the class. Since this was her third attempt and having a
job offer hanging in the balance, she was very excited. However, she
mentioned that the pass/fanl idea was not motivating to the student.
Once he/she got three passes they didn't have to come to class.
anymore.

BEST COPY AVAILABLE
118



Student Interview: August 2, 1983

Sex: Male
Race: White
Age: 22 : ' '
Year: Graduate Student (graduated from the Citadel with
_ degree in Business Administration)
Major: MBA

Number of times in MTHSC 102: 1 E
Other Math Courses at Clemson: (at Citadel) -
College Algebra, Calculus A '

This student has a rather rich mathematics background. in
‘high school he took everything they offered. He had Algebra | & I,
Geometry, Trigonometry, Pre- Calculus, and Calculus. The reason he
did so was because at that time he planned to be an Air Force pilot.
After failing a few courses, he saw that he would not be able to
fulfill this dream. So he began to look at business. - He saw that he
was pretty good at mathematics "when | tried to do it". After
realizing he would not make it as a pilot, he lost interest in his
~ mathematics courses. He had no motivation. His grades slipped at
the end of his high school career and really gained little knowledge
from these classes. =~ He saw mathematics as numbers and formulas.
There was no real use to it. '
This view has changed since he has been in the 102 course this
summer. he sees alot of usefulness to mathematics. He saw many
examples this summer. He said he sees himself using mathematics.
in the future. He feels like he has gained better interpretation skills
from- this course. '
He really enjoyed the open discussions in class and the fact
that he didn’t have to take a final exam. He said that he didn't take
alot of notes. He like to sit and listen to understand.  He said that
the two tests he took were easy. He like that. They tested basic
skills. ' :
He did have problems with the group situations. . The projects
seemed vague. They didn't specify what they wanted. His attitude
toward the group was.that he didn't like to depend on others for his
grade. His role was the reality checker. He said that at the first
meeting no one would say anything. He ended up taking over as
organizer. The other two members gavé. no input. They had not ideas:.
There was no chemistry in the group. Finally they ended up splitting
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the project into parts and everyone working on their own. They
especially had difficuity with project 1. They couldn't come up with
formulas for the models. They had no idea where they came from.
He ended up making up data that sort of looked like the behavior of
the different model types. *****MBS NOTE***** | remember this
project. The numbers did not fit the models. | ran regressions and
programs on their data. ' m.not sure if he understood the basics

. behind the model structure.

As for the calculator, he liked it. He thought it would be alot
harder than it was at first. He really liked being able to graph the
functions. | asked if he read the written materials. He said that
read some, but did not buy the third book.- The professor did not talk
about it, so why get it. He said he got confused about some of the
mathematics in the first book. He said it did not explain itself
exactly. He had some questions.

At first he said he could see the whole course being project

~ driven. | then approached him on the subject of student

responsibility for learning. He then changed his mind and said that
tests were motivational. Without them, students did not care
whether they studied, read materials, came to class or not.
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Student Interview: August 3, 1993

Sex: Female

Race: White

Age: 18

Year: Sophomore : A

Major: Political Science (May change to English w/theater minor)
Number of times in MTHSC 102: 1 : -

Other Math Courses at.Clemson: none

College courses at Greenville Tech.: College Algebra

" This student went to Pope High School in Marietta, GA. She °
took Algebra | & Il, as well as Geometry. Her high school :
mathematics experience was rather novel. She participated in
math class presentations and even bought a graphing calculator (Tl-
81) in hopes of taking calculus there. However, she graduated a year
early and went on to college. Although she was involved in this
progressive atmosphere, she had difficulties in mathematics. She
said, "l don't understand anything." Yet she really liked geometry
and thinks that mathematics is very important to one's education.
When asked to define mathematics she said "comparisons of
quantitative and qualitative data." and math class was basically a
place where you sat and copied down what the professor wrote on
the board. HMMM! S

| was fortunate to catch this student on the last day of class.
She said that her attitudes toward mathematics had not changed
during the MTHSC 102 course. She felt that very few people got alot
out of the class. She said that most of the students she talked to
were completely lost.until the day before the test when they would
get their review sheets. The tests were your basic "can you-use the
calculator” type tests. Application came in the form of the projects.

This student really liked the course aim of getting students
prepared for the real world. She wishes that more of her classes
were application oriented. There was a lot more discussion in this
class. Also she really liked having the graphing calculators. They
were helpful in interpretation of some of the problems they did.

. Another positive aspect of the class was the reading materials. She

read. through all of them and found them very helpful. In fact, she
said they were the "best math books I've ever seen." However, she
said that there were some people who did not buy any of them.

She felt like she did get something out of the class, but there
were several things she would like to see changed. First of all, the
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"pass/fail" assignments terrified everyone. Also, there were
questions asked in the class that they didn't know the answers to.
(This really bothered her. | could tell that she was not used to
having to think for herself. She was used to regurgitating what she
had been told.) . ' : .

Another problem with the class was the group work idea. She
felt that the groups needed to be more homogeneous. The first
project was dominated by one person. She said didn't understand
that project until after she read the press release he had written.
She felt OK with the second project. But, here, the day before the
3rd project's presentation she was having her doubts. She was
really apprehensive about what she knew about it. On the whole she
said she understood the majority of what was going on but spent
most of her time trying to get the third person of the group to
understand the basics. She really did not like the fact that the
scribe had to do most of the work. The fact that the positions
~ within the group were assigned did not make things any better. She

felt that the group members should change positions after each
project or that the scribe's job could be split apart some how. Of
course the group situation would have been greatly helped if the
projects had been clearly worded and were related to something she
knew about. .(She said that most people did not have general
knowledge about interest rates etc.) : -

Overall, she thinks the class is a good idea, but she feels it
needs alot of work. She said she would have felt better if someone
would have come in and said, "This is what calculus is. These are
the goal for the course.” She said that she lost interest in the-class
and brought another book to read during class.
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hSc 102 Project 3

Fund Raising Campaign

Setting: The math department will be selling T-shirts before the 1994 Clemson-USC

Task:

football game in order to generate enough money 1o purchase TI-82 calculators for
our future 102 classes. You are such conscientious students and so concerned
about providing up-to-date technology for Clemson's future students that you
have volunteered to head up this fund raiser. Since several other student groups
have also volunteered to head up this project, your team will be presenting your
proposal for the fund drive as well as your predictions as to its outcome to a panel
of math professors. : . o '

I. Getting Started: :

You will need to come up with a slogan and design for the T-shirt. Keep in
mind that good taste is a concern. (In fact, your grade will be docked for designs in
poor taste.) '

' Poll at least 100 students (at random) to see what type of demand (as a
function of price) may be expected. Use the results from your poll to estimate the total
number of T-shirts you could expect to sell to the ‘entire student body. Model a
demand curve as a function of price. Keep in mind that your model must make sense
for all possible values in the domain. -

Consult a T-shirt company price list to determine the costs based on the
number of T-shirts you expect to sell.

II. Proceeding:

Use the information gathered in part I to model revenue, total cost, and profit
as functions of price. :

Determine the point of maximal revenue. Is this the same as the point at which
profit is maximized? Why or why not? Which should you consider in order to get the
best picture of the effectiveness of the drive? Re-evaluate the number of shirts you
may wish to sell. Will this affect the cost you determined above? If so change your
revenue, total cost, and profit functions to reflect this adjustment and re-analyze
optimals. (If you use your calculator to pinpoint maximums, you must also show how
you would find the maximums using first and second derivatives). :

Discuss the sensitivity of the demand function to changes in price (check rates

- of change for $14; $10, $6, and $4). What roll might this sensitivity have played in the

number of times you had to re-evaluate the cost before deciding on the correct optimal

solution? , : :
Find the point (if one exists) at which profit begins to slow? Would it be wise

. to continue the drive past this point?

Based on your findings predict the optimal selling price, the number of T-shirts
you would have printed, the costs involved, and the number of T-shirts you expect to
sell before realizing a profit.
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III. Reporting: :

A. Write a report for the math department 10 review concerning your
proposed campaign. They will be interested in the business interpretation as well as
an accurate description of the mathematics involved. Muke sure that you include
graphical and tabular as well as mathematical representations of your demand, '
revenue, cost, and profit functions. (To clarify, have graphs for any functions and
derivatives you may use.) Include your calculations as an appendix.

. B.  Present your proposal and findings to & panel of math professors. Your
presentation itself should be restricted to the business interpretation and should
employ the use of visual aids. You should be prepared to answer questions

_ concerning the mathematical aspects of your report. -

Deadlines: .
Information in.part I: Th ‘n\a\_/ R L W Y Qass
Models: T no V. g in tlass
Roughbraﬁ: . E. ﬂLO v. 19 b\b. H oo
Final Draft: M )’\\m/_. 249 b‘? _ l—I;MQ_

Presentation: Tp« ﬂlm. 20 oo \D?c‘ 2
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Summaries of Final Project Presentation

Fall 1993

Group 1: November 30, 1993

This group consisted of three males. These stud_ents_'chose a logistics

model to represent their student demand data for T-shirts. They concluded

that they WOuld sell approxintately 300 T-shirts. If they sold to people at the
stadium on game day, they could sell more than that. They were asked how
they found their maximum value for the Revenue function. They said that
they used the solve function on their calculators. What 1f they didn't have a
calculator? The students said that they would ‘graph the derivative function.
One student began talking about the characteristics of two functions: | s1—
where it "maxs-out” and s2-where the derivative curve crosses the x-ax_i‘s..
The group was also asked to talk about sensitivity analysis. One - |
student said that looking at their demand curve around the chosen sell price
of $9.25, the curve didn't look too sensitive.' The students went on to identify -
a secant and talked about average rates of change. They then said that
sensitivity was concerned where the derivative was steepest.

~This group received rather low scores from the graders.
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Group 2: November 30, 1993

" This group also contained three males. They conducted their poll at
the Hbrafy, dorms, and the student union. This group hoped to sell aroﬁnd
7000 t-shirts, but were only going to buy 1000 at a time. The model they used
to make these decisions was a'cubi'c model. _ -. |

When asked how fhey found their maximum revenue value, they said .‘
they set the derivative to zero. The' gradef asked how they got their
équations. They did so by plotting their data and finding a model curve that
best fit this data. They tried cubic, exponential and logistic models. The basis
for their decision was the correlation coefficient r2. They volunteered that
the couldn't extrapélate with this model because the cubic function” does
funny things." They were asked if it were important to extrapolate and they
said it wasn't. Their reason was because if they charged anything beyond $18
(which was their top dollar figure from the poll data) no one would buy the
shirts. Also, anything below $2 (their lowest dollar figure from the poll data)
would not make them a profit. Finally they were asked about sensitifrity.
They sﬁid that the function was most sensitive at the inflection point.

This group earned rather high marks from the gradefs.

Group 3: November 30, 1993

This group earned perfect marks in all categories from the graders.
Their presentation was very short, yet covered all pertinent information

ranging from data collection to model construction. They decided that they
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would maxi;nize their profit if they sold their shirts for $9.97. This group
even designed their own shirt and had one printed up for their teacher.

An interesting question given to this group was if the revenue
function and the profit function achieved maximums at the same vai-ue. The
students said that they wouldn't. When asked why, the reply was that the
cost function caused the difference. They were also asked about sensitivity.
The students said that there was very little change in the graph between the
values of $9 and $10. They said the flatter the curve, the less sensitive the -

demand is.
Group 4: November 30, 1993 -

- This group was graded by different instructors than those above. The
graders were perplexed in grading this group because of their model.cﬁoice.
After plotting their data, which fhey .obtained by polling 100 students in front
of the library, they decided that they would use a linear demand model. The
sell price would be $10.33. They said that 58% of the people polled said that
would by a shirt for at most $10.00. Their target populaﬁoﬁ would be 10,000
students (there are approximately '13,-000 students on campus) and they hoped
to sell around 5000 shn'ts These students were not able to make a connection
between their profit function and its derivative. However they were able to
say that sensitiw)ity was thé same everywhere with the linear model. This
group -_was finally asked why they -thought their data yielded a linear model.

They were unable to give much of an answer for this.
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Group 1: December 2, 199

This group said that their target population was 10,000 people. From
their pbll, 81% would by a t-shirt for at most $8. From this they implied that
if they séld at the game, they could sell around 8100 t-shirts. However, they
projected that they would sell around 6000 shirts. This appearance of this

. number was not explained. -

When asked about sensitivity, they replied that it was a"rate of
change " When asked why it was useful, the students replied that they
wanted to know how fast thmgs were gomg to change and where those -
changes would ‘occur. The number, "6000" mentioned above, was brought |
up. The students said that their logistic model gave them a limiting value of
6050. Finally, they said that they could ma@ze their revenue if they sold
shirts for $8.55. However, they couldn't make the connection between t.h_e

revenue function and the profit function.

Group 2: December 2, 1993

'I'l;lis group seemed very confused. From their poll, they said that
selling their shirts for $10 would maximize profit. - They put up an overhead
that said they had a limit value of 6050 for revenue; however, the next
transparency showed the graph of a quadratic. model. This was puzzling.
They went on to show._their model equation wh'jcﬁ was a-logistic functioﬁ.

I'm still not sure how they got their quadratic graph. But that is not the

most important point. The most astonishing fact is that they did not realize
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that there was a problem. It made me wonder. Since most of the time was
spent tryingA to find out why they had a discrepancy, there was little time left
for any other questions. However, the students did gAe.t a chance to talk about
sensitivity of théir data. Again, there seemed to be a great deal of confusion.
.They said that sensitivity increased as price iﬁaeased. However, they said
that the fﬁnction was m_oét sensitive at $10.SO.

It is hard to believe that all three people could be so lost.
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MthSc 102 Project 3 - Guidelines for Graders
Thank you for agreeing to help us out with grading the MthSc 102 project presentations.
- . Q:acs Vo £
You are scheduled for s TERTe from L’:fLL to /c_;_ ;_'-;)'

immroom () <)y -

You will be grading along with __ [ ciyuvel [ deim  at- G: 3¢
' T het Satre ’ a+ 2.6 '

One of the two graders in each room will be given a grading sheet listing the members of
the groups presenting. You will need to call each group in when it is their turn (They should
be waiting in the hall). : ' -

You will also be given the written report turned in by the students. Written reports will be
graded by the teacher, and are provided solely for your information. Feel free to question the
students about anything in the report as well as in the presentation. The students have
been told that questions will be asked of members of the group other than the
presenter.

Please allow the group to give their entire presentation before asking questions.

On the grading sheet
" A. in the first column to the right of the student's name, place a checkmark
if the student is present. ' '
B. each group gets assigned one grade. Don't grade them individually.
C. in column E dssign points out of 15 for the completeness and
accuracy of the content of the presentation. Minimum content requirements-
are: ' _ . :
1. A discussion of demand, revenue, cost, and profit models.
2. A discussion of the prices that maximize revenue and profit and how
those prices were obtained.
A discussion of the sensativity of demand to changes in price.
4. An outline of the details of the t-shirt campaign : o
: design of shirt :
selling price
# of shirts they expect to sell
where/how they plan on marketing the shirts
profit they expect to make .

LI

D. incolumn F assign points out of 5 for the professionalism of the
presentation. ' _
E. in column G assign points out of 5 for how well group members other
- than the presenter answered questions to your satisfaction.
E. column H is for the total score and column [ for any’'comments you wish
to make about the presentation for the benefit of the teacher. (the presentation

is 25 % of the project grade.)

Please return the written reports and grading sheet to /)_m,i ; J—// S
Y, .
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PORTFOLIO

Your portfolio should be organized to show me your progress (or lack of progress)
through MthSc 207. It should be in some type of folder with your name clearly indicated. As
an incentive to pay careful atiention to the organization, your portfolio will be worth 15 points
of your score on the final examination. The portfolio must be turned in no later than 4 p.m.
on Friday, December 10. Your portfolio should include, but is not limited to:

' -1) All of your original journal pages (I do not want notebooks - tear the pages out of the.
_notebook if you have a notebook for your journal.) ' : -

Anached to each of the following should be a sheet of paper containing a complete explananon

of why you chose the test, quiz or project that best fits the description. Either the original test

. or quiz or a xeroxed copy should be placed in the portfolio along with the explanation. Do not
let your grade entirely influence your decision. ' ' _

2) The test, quiz, Or project that you feel presented you with the biggest challenge of your
your ability. : - '

3). The test, quiz, or project that you feel best showed you a use of calculus in the "real”
world. ' :

4) The test, quiz, or pfoject that you wish you had never seen and would like to forge't. '
5) The test, quiz, or project that you would have been lost on without the calculator.

6) The test, quiz, or project on which the calculator did not seem to help much at all.

Your folder should also contain an estimate of your numerical score (out of 100 points) on the
final examination. You should take your four (numerical) test scores as the y-values and the
numbers 1, 2, 3, and 4 as the x-values of four data points. :

7) Find the best fitting ‘model that makes sense for a prediction of your score on test 5, the -
final examinaton. In addition to the available models in your calculator, you can use the
average of the four test scores. You should include in a discussion of why you chose the
score you did - ' _
« the numerical estimate of your score on the final exam clearly indicated
. a scatter diagram with the model you choose drawn on the scatter diagram

" the reason(s) why ybu chose the model you did and rejected other available models

P. S. If you correctly, within 2 points, predict your exact numerical score on the final, I

will add 5 points extra credit to your final exam g_radé.
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© MthSc 207 Name ALl on #

GRADE SUMMARY
Total Points on Quizzes* out of 70 points _ _ ' 0=
(Lowest quiz score has been dropped - 10 points on quiz 9

still to be added in to Q total)

Total Points on Journal out of 75 points ' J= . b5

(25 points on last journal entries still to be added in to J total)
Total Points on four Major Tests out of 400 points | S S v

. Total Points on Projects out of 60 boints ‘ | ~ P=
(40 points 6n project 3 still to be added in to P total) < : : B

Best estimate of your grade going into the final exam is ' /4

I will compute a numerical average using the formula

O o P* o THJ* F oo
50 ®+1g0 7+ 500 OO+ 1g9,%> |
2.6 q s :

to help me determine your course 7grade. Letter grades listed on the MthSc.207 course
description will correspond to the numerical averages 90-100 A, 80-89 B, 70-79 C,
60-69 D, and 0-59F. ' -

Note: The *'s indicate that points on remaining work will be added to the totals Q, P, and J
given above. The letter F in the formula is your final exam grade. Good luck!-

Your calculator and manual must be rezumeﬁ no later than the time you turn in your final exam
unless other arrangements are made with me. If I am not in my office, you may return your

. calculator to the secretary in 0-101 Martin Hall. Be certain that your name is on.a slip of

" . paper in_side the calculator and manual if returned to the secretary.

inm ri u

*
[ will ‘poin a credit. r auiz total. If.] am not in my office. slip the manual
rm r wi rn . ] rinside th t cover of th - :

According to University regulations, I cannot post grades or give out information on gradés
out over the phone. If you wish, I will mail your exam grade and course grade if you slip a
self-addréssed stamped envelope or post card under my office door. :

' 1. 8. Fetta

The MthSc 207, Section 3, final examination will be in Room E 305 Friday,
December 10, from 1 - 4 p.m.

Office Hours: Wednesday, Dec 8, 10-12 am and Friday, Dec 10, 10-12 am
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APPENDIX III-G

Sample Portfolio Entries:
Business Calculus II Students

Fall 1993
ive 1 iven;
. Sample of student journal for the semester -
" (Item 1 on Portfolio requirement sheet)

. Sample from Item 2 on Portfolio reﬁuirement sheet -
. Sample from Item 3 on Portfolio requirement sheet
. Sample from Item 4 on Portfolio requirement sheet
. Sample from Item 7 on Portfolio requirement sheet
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2. The test, quiz,-or project that I felt presented
me with the biggest callenge of your ability.

- The project that I felt presented me with the
biggest chéllehge of my ability was the journal. I -
know that this soUnds'crazf,.bht I chose this beéauée'
for one thiné it was a bié'challenge to make myself

remember to write in it every day. The question asked

.not .only what was the biggest challenge, but also the

/‘;'//3/

biggest challenge of my ability. Writing in the  jour-

nal was not hard, but I ﬁelt'since_we had to pﬁ: all
corrections to the tests and qui?es'in i, I thought
iﬁ was a challenge. After all, if I didn't.know how-.
to do it on the test than it-haé to be a challénge to
figure out the correct answers. At times I thpught

this was very_hard because I found myself looking

. through my book and notes trying to flgure out how

to correct the problems. I'm glad we " had to do thls

because it made me learn and better understand the

problems I-had missed.
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Aruitoxt provided by Eic:

3. The [irst group project that we did this vear that involved calculating the total area of

skin on the body showed me the best use of calculus i the “real” world. Finding the wayv

that I was going to go about finding the formula showed me how 1t was so important. |
“called a [riend of mincs father in Concord. NC (o ask him how he would go about finding

somethmg like this. He knew and remembered how from his veurs in-med school long ago

and his many vears of practicing. e didnt (ell me how to do it. he-told me where to {ind |
it and the many uses that he has [or the idea which wo; studied. Dosages on prc:;'cribed
medicine are determined from a [ormula similar to this. Sceing that he uses cvery day
something that I would probobly think was just another assignment really showed me 1ts

importance in the real world.
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NMatt Walters
Je[frey Harmon
Donnie Skelton

Russell Compton

How Much Skin Do You Have”
Octover. 29, 1993
Aaih 207

Group #5
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HOW S CHSEIN DOYOU EAVEY

To measure how much skin covers the body, } used geometric shapes 1o estimate the
surface wea ol the bod.\'.. This 1 how we estimated the surtace area and umount of skin on the
human body. We brohe the body down into geomelric shapes. The hew is w sphere. Then we
have [ive main cvlinders which are the arms. legs. trunk. lingers and toes. We need 1o find the
surface arca in cach of these and add them together 1o get the surfuce are of (he cotwe bodv. To
measurce the surface wrea of cach sphcr'c.. we usc the formuta ( ) To n..lcusurc the surface arca

\

of the head, which is a cviinder. we used the formula (

body part length _radius surface arca
right arm #66.7cm 4.4 1843
feft arm | 66.7 a4 1843

right leg 80 7.62 3828

left leg : SO - 7.62 3828

trunk 69..9 S 2032 8219.9
neck 8.9 9.43 3271
fingers (average) 164 95 971.0

toes (a\-:efage) 12.4 .49 382.0
rightfoot 19.05 508 6077

left foot 1905 308 6077

*all dhata are mewsured in centameters squared
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Ihese measurments are for the eviinder shaped body parts. he total surtace areu [or these 1s
.23337.4cm. Then we take the surface arca [or the head by taking the radius (9.5) and squaring it
and then multiplving it by 4 . Then we add this to the previous iotal which grves us the overall
total surface arca for mv 'bo.d‘\'. 2449('_l.c)cn1 )
- A person’s weight more closely corelates to the amount of skin co vering that person’s

* bodv(Dr. Fortnev, interview). The heigth has little to do with the surface area other than helping
us; find the volume of the area which we need to find the surface area. weight corresponds with
mass which corrcspon_ds with the surface area. _ |

Fourier's law states that the rate of loss of heat it proportional (o the 'surface area. but the
~surface arca 1s roughly proponional to m™2/3 (wwhere m s mass, cémmonly called body-weight).
whercas the heat capacity of a bod\ is proportional to the mass itsell. Therefore. the rate of
coolmo of a bodv will be proportional to m”2/3 /m=m"-1/3: since m is proportional to I3, here
lis the linear dimension. as the size of the bod\ deueascs its rate of loss of hcat will increase.
since it is inversely proportional to the size as plt’.pl esented by 1 (Richards, 23)

The elderly tend to have a higher percentage of skin when comparpd to the mass of their
bodies. This is caused by the deterioration of bones and muscles while the skin does not leave. It

just forms wrinkles.
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2 Interview with Dr. Sidnev R. Fortnev, Internal specialist. Concord. NC: 21 October 1993,

BEST COPY AVAILABLE

@ | - | 167




#Y

/
T woudd  w-sh At F e
Jreve ~— Seen sz\c/- » Cuqa /6/ ‘ /fkﬁ .7"'0.
‘.ﬂo rjz;f“ Ab.s pfou:ec.‘?/- Fhe reascn
T dlar See Sl Sptin
£ C Scnwse FE Codlel meve—~

' LJI\\/

p,J_J‘eCT‘ o

‘lﬁ—'ju.xa.' olf 4 P Pos € L S BN T

Ve« //)/ . ol 747‘ ~~Z f/c’7’ 'ca/ré:e_c/.
-+ %4@.74-%' A\ fro,ect

Flest  of s
Loes 4 LFle  Gbae O
ol A, clese fn/(//éﬁ
doing w  ClasS,  a~S F oo conlelr T
7/'&..)7'/;_/ 5974{ aNé j:&o/ S Sn dn}/

o .. 71’{& . .{.(/uéxma?‘f:h we e e <¥5¢’--‘9 | Q"c/

B Loend! g0 CZ:/_& @y ‘70‘(;0/_“ I/ {aw-( no

o Purpise. o A A AL el ,/&/dr/r//'m,(

Olir. @nswer— heod & 52 S0 rocwgiia y

y - 2
Y . ‘l’('ﬂ.‘fé‘ /.—7L . C?)a/o(n - ,/an;;é e, 555/7
A bouerr . all. Codr & Aogelam,

S C/é;e.,. . e .
4‘—-5(' _ J&(Q/ﬂ-@aff/ @/ s {M&\_‘j‘s o

kgt A wes o He fepee e

S

- .._,///'a"//éo-/,?

heesls. T 7
e erel

e

e BEST COPY AVAILABLE
166




MthSc 207 Project 2

This project will be worth 50% of the project grade. Itis due in class no later than
October 29, 1993. More details on the project, including suggestions for progression -
and preparing ‘the written report, will be dismibuted next week.

This project is a group project, and all members of each group will receive the
same grade. It is assumed that each group member will paruc1patc equally in the
design of the project, data collection, and writing the final report.

You should research whatever you do not know in the library. All references used
should be given in a bibliography at the end of your final report. You can use the

advice of persons outside this class as long é_s they are credited in your references.
HOW MUCH SKIN DO YOU HAVE?
Preliminary Thoughts

The amount of skin you have has a direct bearing on. the rate of heat loss from
your body. A major part of this project is t0 determine a way to measure the amount
of skin covering a person's body Once this has been dcc1ded vou will collect duta in

an effort to decide:
- o Is a person's height or WCl°h[ more closely related to the amount of skin

covering that person's body?

« Can you formulate an equation relating the amount of heat loss to the amount
of skin covering the person’s body?

e . The answers (o any other related questions you feel are perunent.

Your group is given below.. Your group should meet before Wedncsdav ‘October 6 1©

discuss this_ project and formulate thoughts on thc following question that will. be -

discussed in class on October 6.

‘How can you measure the amount of skin on a person's body? Which age people
should vou use to obtain the measurements? Should you use both men and women. or
does the amount of skin covering a person’s body differ significantly due to the <ex of

the person?

' Reae 68 34338

Group#_j_ %A)‘T[ / LS3 —F49€&
. M<‘ A2 8§88 —8484
Corn R L, Rac-73%85

;7 | 4 GlbenT 85858~ 3063

168§

BEST COPY AVAILABLE



-~ e
! N, -~ -
A b H J' ) . ’
, - / Y Jf‘l'g: i
. < 4
13 - T -
- P

Eivoowitr, BT GAve

N " N, - Y, . — — = -. .'.--\- ~oo-
AN 2a,pTrend TERT O gpet SnEEALISTIC | FEETC TN

-— - ' - ‘-" Kad » ’ . . ) - - - o
e AT B NoT ZEANSTIL SHrC ameamS WHo Ay BREN
. _.f' . 'r. M 0 < iy - . i ~ P s N - .
oAy AL Ay TS To fuwpemty Mags & 2000
L ALovll THE T ./f_f‘: s V0T CiogE. —

- £
{=.32 _:_mp:%;_)_ Fon. A Lme._L ModEL_ _THIL

— e ‘E"/L e & .
MERES  The. HMRE. LoGILAL Senst-  ar Mmr&_«w___,__-_.4_.__._-___

oo mmim e e L el o e e e e e L o e T oSS S e s e o

- - (,T_’S : :
: e i e
I L
| z 8
Y f
'l : 40 L —

e ——— — — i 3 —— -
———— - -5 v::.... —p - 5 S —————
' — <.
e

11 /0 BEST mw A\‘IAMLE



PR LS i

- —_ —_—
I
. P '
J '\11 ('.-'t /- . q' /h__.

/)

'> _)f - : -N—‘ D‘ FTO:.'-_' T‘?t"f‘l.':f‘\
N A
/

S %

ey i ‘7 ; é ' }-"{}'l"{,"uff-%; 'v’.\N'{,.'.\-\’." : L?U/LD(ZA?'-;:/

e m——— ae . oo . ) 7 . Buapepsis,
| ~

,r— N .
Ll e e ™A . o
b }N;_;'Jt"r AR oRnte ol S uTNK

: ///‘/{"/’J/gﬁ&gﬂ N ~ YO IND Ty METANS.

- -
\'\__/

P AL W = - 1 ﬁ '3? ‘4'.:—.-:')(_&_1_1&.._ o

X I B _/_*\‘ _ ok Y= ;_/—_ ;"‘-‘\ ',.,L:\_ o

3 ~K"U ' ! ‘ . _"'/_ \\‘ M oc\& -L_ v "\.g-«..(_‘,Q B .
13
\

o ! s e
i’
Al i i —t - - -
L
s R ) ‘% 4_l\ .
- - e
Mol b AONCLUL nrgE
7=  CoyLd NI DETERMINT A
TYPE OF MJDEL T oy ez Dl#%(_r’:_
—

= A Rece e muept WELE <o CEW PainTs,

- =5% T Lovwun'r riTeMming A zvel
i . a
|

T =93 DFEERENCE To  (LpEek - For LuBic -
- T - . e
» .
I oy A L NCE TN TETE NENT UP Ann _
' i ) v ~ ‘- bt N ;T R SRS
Ly '\X_.' :__k;'_.":‘.u_‘:;:..’i‘ RN G e e
: RUMEL Dietil LNl TERToaresD
b - B - WUl R E i e
T o CeTE R prongy L Ao Te
— ——— i e e ———am —— —_ 1L . - - —_— PO =
- - -~ -
i TRt - - RO Rl - _
- - e . oL - wt ~ N Tty
TSR o VL S S S R MU UG N AN % -




)(’v /?J,(v ONE Low j’ 15 £ 4

/*7 5 F/F’Zr\
“pu: ol 1o &7
Mos7  FEALIsTc. Mopre
Avteas = T\ +T2 + T3 + Ty
. . ‘_( N |
£9.75 = 9i+gzg 193 +87
20%&3 U\"JI | | ’ 4—/ .
I T Migy Prowsie Seowe
9 —
| . =9
: . e : : o TZ - 53
QD - = %9.7% A _
. . | —4 Ty =43
A | . Ty §7
ge . .

‘Tw

—
). & 3 4
Tet =+

A{% ‘e (‘-«/" M l\e" g-‘-— +ie Fg -d.( V”J\i L
/-“(w tos met el o moded M«; g/,m,, A,WL.;.

VM MF\‘C—MS l—t;’ M'h'*s ﬁve,‘aéa
W"\Z\'Lc— 6&,4. Tlo /

n.x
1?‘”@ withi o @-‘v@ gé f«,.ww % W'LQ
Npren See ther &

Lo' gz wlw TU chosa
‘M’W) W&R—( DAL A ored— 0

‘Dmé,\'gl\l?’; -00

BEST COPY AVAILABLE

172



APPENDIX III-H

MthSc 102 Doubling Time
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. Latalas - Laa s} IRy N

Task:

Project 5

DOUBLING TIME

Setting: Dr. C. G. Bilkins, nationally known financial guru, has been criticized for giving false

information about doubling time and the rule of 72 in seminars. You have been hired
to provide mathematically correct information for Dr. Bilkins to use in future seminar
presentations. L ' '
Doubﬁng Time is defined as the time it takes for an investment to double. Doubling
time can be calculated algebraically from the compound interest formula A = P(1 + 5 nt

or the continuously compounded interest formula A = Pe™ An approximation of -
doubling time can be found by dividing 72 by 100r. This approxxmanng technique is
known as the Rule of 72.

1. Evaluating Doubling Time Rules:

Construct a table of doubling times for interest rates of 2% - 20% (in increments of 2%)
when interest isicompoux_uied annually, sém_i-annually, qQuarterly, monthly and daily.
Construct a table of doubling time approximations for interest rates of 2% through 20%
when using the rule of 72. Construct similar tables for rules of 71, 70, and 69. Examine
the tables and determine the best approximating rule for interest compounded
annually, quarterly, monthly, and continuously. Justify your choices.

For each compounding listed above, compare percent errors when using the rule of 72
and when using the rule you chose.

Percent error = 100 * (estimate — true) /true.

' Comment on when the rules overestimate and underestimate and wi‘uch is preferable

The assumption of this report is that the rule of 72 is not the best approximating rule in
most cases." If this is true, why is it commonly used?

Evaluafing Sensitivity of Doubling Time:

- Use a technique discussed i in class to estimate rates of change of doubling time at 2%,

8%, 14%, and 20% when interest is compounded quarterly. Interpret your answers in a
way that would be meaningful for Dr. Bilkins who knows nothing about calculus. In
particular Dr. Bilkins is interested in knowing how sensitive doubling time is to

changes in interest rates.

BEST COPY AVAILABLE
174

Projects
page 267



Calculus Concepts

page 258

III. Reporting:

A. Prepare a detailed written report for Dr. Bilkins in which you discuss your research

and findings from parts [ and I Be sure to discuss whether Dr. Bilkins should
continue to present the Rule of 72 or should present other rules depending on the
number of times interest is compounded.

Prepare a document for Dr. Bilkins' speech writer to insert into the seminar
presentation (which Dr. Bilkins reads from a Teléprompter). It should be a brief
summary of how to estimate doubling time usmg an approximation rule’along
with a statement about the error involved in using the approximaton. Keep in
mind that Dr. Bilkins wishes to avoid further allegations of misinforming seminar

participants. Also include a brief statement summarizing the sensitivity of

" doubling time to .ﬂuctua_tions in interest rates. Include the document in your .

written report. -

. Prepare a brief presentation (5 rnihutes) of your study. You will be presenting to

Dr. Bilkins and the speech writer. Your presentation should be only a summary,
but you need to be prepared to answer any technical questions which may arise.
One person from the group who has not yet done a presentation should do the
presentation. All group members must be present and must be prepared to answer

questions.
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 APPENDIX III-I

MthSc 102 Super Highway
Project Description
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Project 4

SUPER-HIGHWAY

Setting: The European Communities have decided to buiid a new suiper-highway that will run

Task:

IL

from Berlin, through Paris and Madrid, and end in Lisbon. This super-highway, like

some others in Europe, will have no posted maximum speed so motorists may drive as

Projects
page 265

fast as they wish. There will be three toll stations installed, one at each border. -

Because these stations will be so far apart and motorists may not anticipate their need
to stop, ‘there_has been widespread concern about the possibility of high speed
collisions at these stations. ' The concem is so great that there have been numerous

editorials written protesting the installation of the toll stations and a private interest

group has lobbied to delay the buiiding of the new super-highway. In response to the -

concern for safety, the Committee on Transportation has determined that there should

- be some flashing warning lights installed at an appropriate distance before each toll

station. Your firm has contracted to study known stopping distances and to develop a
hodel from which to predict where the waming lights should be installed.

Getting Started: _ _
Find data showing stopping distances as a function of speed and, cite the source for the
data. Present the data in a table and as a graph. Find a model to fit the data. Justify

- your chose by discussing why other models were not chosen. Consult someone who

could be considered an authority to determine whéther the model will hold true

‘outside of the data range before using it to extrapolate. Consuit a reliable source to

determine probable speeds driven on such a highway. Based on your model, make a
recommendation as to where the warning lights should be placed. Keep in mind that
the Committee on Transportation does not wish to post any speed limit signs. Justify
your recommendation. Make suggestions as to what other precautions could be taken

to avoid accidents at the toll stations.

Proceeding:

Find rates of change of your model for at least three speeds, one of which should be the
speed you believe to be most probable. Interpre: rate of change in this context. Would
underestimating the probable speed have a sesiousiv adverse affect? Support your

answer.
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[Il. Reporting: - (Bear in mind that you are reporting to Europeans who will wish to see all

results in metric. However, since you work for an American based company you must

also have the English equivalent.)

A.  Prepare a written report of your findings for the Committee on Transportation.

é. Prepare a brief (5 min.) presentation of your findings. You will be presenting to
members of the Committee on Transportation. One person in your group
should do the presentation, but all members must be present and be prepared to
answer questions. '

. C. Prepare a press rgiease for the Committee on Transportation to use when it
announces the implementation of your safety precautions. The press release
should be succinct and answer the questions ‘Who, What, When, Where, and-

Why. Include the press release in your report to the Committee.
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Grading Sheet for.Pr'oj ects4 and &§: Oral Presentation

Instructor: ' Grader:
G:oﬁp: a P (hame_s)
L
c.
CONTENT (15 points)

(3 pts) Introduction
(3 pts) Use of Visuals
(G pts) Understanding
~ (3 pts) Conclusions

(3 pts) Communication

PARTICIPATION (6 pts)
(2 pts) member a.

(2 pts) member b.

(2 pts) member c

Total Score_ (max = 21 pts)

GRADE (Check one):
Superior (18-21)

Satisfactory (12-17)

Unsatisractory (< 11)

1506




APPENDIX III-K

MthSc 102
Project Summaries

o | 181




Final Project Presentation Summaries

Spring 1995

Each grader was given the responsibility -of assessing épproximateiy
four groups in an hour's time. These groups were not arranged according to
topics, so it was possible that the grader would have a mixture of the two
projects represented in each of these hours. I have chosen a three sarhples for

each project. The time next to each group number will represent the hour

session in which they presented.-
Doubling Time Project:

Group 3: 1:25p.m.

This team of three females preseﬁted a table that recorded the actual
doubling times for varioﬁs interest rates. Another table was given that
presénted all the approximations for Rules of 69,70, 71 and 72. Their
conclusions were as follows: Rule of 70 was the best approximation for
compounding interest annually, quarterly, and continuously. However, they
found that the Rule of 69 was the best approximation for monthly. They
came to this conclusion by looking at percentage errors calculated for each
Rule. They found that the Rule of 72 had larger percentage errors than the
~others. 'fhe grader asked why use it -then. The student repiied that it was and

overestimation, whereas the other underestimated the doubling times. An



interesting note--these students confused compounded daily with
compounded continuously. | |

The question of sensitivity came up again. The students said that the
function became rﬁore sensitive with successive lowering of the interest rates.
They looked at small changes around the interest rate points. They then used

the "slope formula" to gét the "rate of change".

Group 6: 10:10 a.m.

Orne student started by reading Dr. Bilkins' speech and then e.xplaining
the problem. They computéd the actual doubling. times as well as each of the
~ approximations for different compounding units. They found the percentage
error for each approximation. Their ﬁndings was that Rule of 72 did best for
annually and quarterly, Rule of 70 was best for semi-annually, and Rule of 69
‘'was best for monthly and continuously. Rulé of 72 was not the closest
approximation for each, but it is the only on that overestimates for each
~ compounding unit. That is why the Rule of 72 is used most often.

Another student talked about rate of change. When increase the-
intere-st rate, your rate of change increases, The gréatest change happens form
2% to 8%. Overall it is best to invést a.t 20% because the time to double is
much shorter. The percentage increase is smaller, but then so is the
investrﬁent time. The grader askéd how the student computed this rate of
change. She said that she subtracted the time at 2% from the time at 8% and
then divided by 6%. The grader asked if this was the average rate of change

and she said yes.
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Finally the grader asked how they chose which approximation was best.

~ the said that they looked at the percentage errors and whether or not you

overestimate or underestimate. What else did you take into consideration?
One student answered that the approximation was way off at the endpoints
but fairly close in the middle. Then another student saidjthat was true for

Rule of 72. However, for the others, they were closer at lower interest rates. -

As interest rates increase, the percentage error increases.

Grpup 2: 11:15 a.m.

This group begin by saying that the Rule of 72 was a rough estimate and
that the exact doubling time used compound interest formulas. They
produced a trans‘iaafency that showed the exact doubling time compounded
anﬂually_, semi-anﬁually, quarter.ly,'.mon"chlil, daily and continuously for
interest rates b_efweén 2% and 25%. The next transparency showéd the
calculation of the approximations rules. The third transparency showed the.

calculated percentage error for the Rule of 72. The grader asked if they -

. prepared percentage errors for the other rules. They didn't. Referring back to

- transparency three, they said that a "+" sign in front of the percentage error

indicated an overestimate; whereas a "-" indicated an underestimate.

The next transparency had the following:

 Interest Rate Rate of Change
2% ' -16
8% -2
14% -4
20% )
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The grader asked if they had graphed their data. They said that the hadn't.
How did ‘they get the rates of change without looking at the graph of the data.
The students said that the just worked with the nﬁmbers and imagined that -
they had the graph. The grader asked how they computed the rates of change.
They said that they looked at small areas afound eac_h interest rate--like 2.0%
to 2.01%. This didh't_séﬁsfy the grader. He asked again how they did this
without a model. The students said that they didn't need a model. They

‘used the formula

Slope = (2.01 -2.0)/ (34.61 -34.53)
The grader aéked if the graph was a line 01; a curve. One student answered
that it was a line and then stopped to say that no, he was going to say that it
was a-curve. The grader again asked rather incredulously if the didn't plot
péints and compute a model. They again said that they didn't. Then one of
the students said that they should have, but hind sight is 20/20. It seemed
like a good thing to do. However, he said tﬁat these (their‘ﬁndings) were
right though and that he would stand by their decisions. The grader said that

he needed to be convinced and that he wasn't sure what they were doing.
Super Highway Project:

Group 1: 11:15 a.m.

This group was comprised of two males and one female. They began
their presentation by showing a poster size map of Europe and tracing the

route that the new Super Highway wwvouid take, pausing to show where the
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toll booths would be located. (The route that they traces followed the path of
an existing highway that goes through the European countries designated by
the project outline.) '

‘They prdceeded to discuss how they constructed their model for

. stopping distance for vehicles on this highway. Their data came from a

commercial drivers manual (for 18 wheelers) that is put out by the Highwéy
Patrol officc_es. Their rétional was that thé stop_ping. distance for a heavy truck
in rainy conditions would represent thé maximum stopping distance for any
vehicle. Stopping distance for such trucks in the manual was:presented as a
function of perception time, reaction time, and braking distance. To
determine what speeds they should look at, one of the students called AAA to
see what the average cruising speed was for the Autobahn. The found it to be
aroﬁnd 95 mph. With this information, they chose to start their data set at 50
mph and conclude at 110 mph. This data set was doﬁe in standard
measurement units and then translated into metric u1;lit5. They plotted
points and found that a quadratic function best modeled their data.

After lboking at their mddel, they realized that some high épeeds that
could occur on this highway would lie outside of their data set. They
contacted the SC I—Iighvs;'ay Patrol and asked if the extrapAolations that they
made from their model ma;ﬁe sense. An officer there said they looked
reasonable. Finally, the information from their model suggested that they

should place the warning light .175 miles away from the toll booths.

' However, the students wanted to give themselves a buffer. They d_ecided to

add extra distance to this figure and place the lights .38 miles from the booths.-

This was done to take into consideration poor road conditions, worn tires and
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faulty brakes. Other safety precautions were: signs warning drivers to be
prepared to stop before the flashing lights (in multiple languages), Signs |
indicating toll amounts that would reinforce the idea that the driver must
stoﬁ ahead, and grooves in the pavement to warn the drivers to sléw down.

When discussing rates of change, the students used speeds for 75, 95
and 110 miles per hour aé rep-résentatives of slow, medium and fast speeds.
They constructed a functions of velocity over time. They said that the cha.nge‘
was decreasing. | |

The grader was very interested in there choice of data source. They
discussed this at length. The other question that the grader had was how did
the students pick a quadratic model for their data. The students said that t’hejz
looked at differences. The percentage differences tipped the scale. The grader

was very impressed with this group and gave them perfect scores.

Group 3: 8 a.m.

This group began by giving a very brief introduction of the problem.
They said that they contacted a professor in the Language department at ~
Clemson who traveled in Europe occasionally.' He said that traffic on the
Autobahn goes as fast as a car can go. Motor Trend magazine approximated
tﬁis to be around 222 km/hr. One student said that in the next five to ten
years, people would have access to computer cars that céuld travel at speeds
around 378 km/hr. This figure is what they kept in mind as their rﬁ_aximum
speed. However, their data set ranged from 16 km/hr to 1-13 km/hr. They got

this data from a 1993 edition of Automotive Encyclopedia. They decided to
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exclude the rea_c'tion time factor from their stopping distance data because
warning lights would prepare people to stop. | |
They made a scatter plot of their data and tried to fit a model to it
v.vhich could be used to extrapolate for higher Speeds like the 378 km/hr figure
above They considered cubic, exponential and quadratic models. At first.
they thought the-model should be exponential because it looked like the best
fit according to the graph overlay. But after looking at the extrapolatlon
values, they decided it would be-ridic.ulous to use this model. They“ looked at
the extrapolation values for both the quadratic and cubic models. Both sets of
values.l_ooked reasbnable. ~ At this point they were unsure as to which was the
best model. They decided to consult a physics professor at the university. ‘He
said that according to the laws of physics, the quadratic ‘model would be best.
. He then showed them- how this was true by using physics formulas that relate
initial velocity to acceleration. | |
The student graphed their model on a poster, using bdth US customary
and- metric measurement units. From this model, they decided that the signs
should be placed 1.93 km before the toll booths. This figure Would be
mulﬁphed by 1.5 to take into Ac'onsideration for wet road conditions. Other
safety measures mentioned were a secondary warning system, run-off ramps
50 and 100 feet before the toll booths and bad weather signals.
~- Rate of change was then addressed. One student explamed that for a
_speed of 378 km/hr, if you add an additional 1 km, it will increase the
stopping distance by apiﬁroximately 1-1. 46 km. They then read the press
release and concluded by displaying a poster that showed the consequences (a

wreck) if the warning lights were placed too late.
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This presentation took longer than most. The grader did not have alot
of time for questions. He did ask about the metric data and the US customary
" data. He wondered if they were the same data set or if they-actually were

taken from different sources.

Group 3:. 11:15 a.m.

After a brief introduction of the problem, this group began showing
charts of data that they collected. The grader interrupted them and 'asked for
their data source. One student said that it came from the Arﬁeri_carﬁi_g_l‘m
PrL’cic:é which had a copyright of 1942. The grader had this incredulous look
on his face. He asked if this data represented what happens today. One of the
students answereci, "Yes, sir." Then he asked if they ’;hought'that cars had
changed any since 1942. Then he stopped and asked them to éontmue with
the presentation. | | ' _ '

The actual data ranged from 30 mph to 70 mph. They made a scatter
plot of this data and then extrapolated to complete the data chart for values of
80, 90, 100, 110 and 120 miles per hour. Again the grader stopped the group to
point out that their chart was misleading since the actual data was from 30-7d
|mph. Their reason for extrapolation was that someone in the Physics
department told them that the average speed on the Autobahn was around
100 mph. | | |

The group decided ona quadratic model due to what they called a
"constant coefficient of friction” on dry level ground of .4. They considered

their highest speed to be 120 mph. From their model, they concluded that the
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light should be placed 1200 ft from the toll booth. However, to give
themselves buffer they decided to place the warning light 2000 ft from the
booths. : ' |

. The graders first question at the end of the preséntation was about rate
of change. Oné of tﬁe student$ gave the formula for y’. The explahaﬁon was
_that y' was "miles i:er mph" or "miles/mph". So at 70 mph the rate of chahg_e o
is 11.68 mile /mph and for 120 mph the rate of change is 20.04 miles / rhph.
The next question dealt w1th the model itself. - The grader wanted to know
how the group knew it was quadratic. They said it was the best fit from the
differences. The first differences were constant. The grader asked if it were
the first differences or the second differences that were constant. One student
said it was actually the second differences. The grader asked if they looked at |
other models. The'y said that they looked at all of them. The grader asked
what the 'differenées told them. The student said that they Wefe relatively
constant. They were then asked if thle- had looked at percentage differences
and the students replied that they had not.

The grade concluded by telling them that extrapolation'in this case was '

very dangerous. The reason for this is because of their data was based on cars

built in the 1930's. This caused their project to be fundamentally flawed.
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Informal Calculus I
Problem 1

Consider é. tree on which new leaves grow in the spring, the number of leaves is at a
maximum in the summer, and the leaves fall off of in the fall. Which of the following graphs
best describes the r_at_ejjg_hﬂgg (derivative) of the number of leaves on this tree over a one-
year period? ' - '

‘a. o . b.

leaves per month
leaves per month

leaves per month
leaves per month

)
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‘Informal Calculus I
Problem 2 o

Two new running shoe_sA were introduced by rival manufacturers at the Sports Shoe Show.
The figure below shows the graphs of the accumulated revenue (in thousands of dollars) for
ceach shoe as a function of the number of weeks since its release at the Sports Shoe' Show.

Accumulated Revenue
" (thousands of dollars)
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a. Which shoe had brought in the most revenue by 2 weeks after release?
b. Which shoe's accumulated revenue was growing the fastest 5 weeks after release?
c. When was Shoe A's accumulated revenue increasing the fastest?

d. Over what time interval was the rate of change (derivative) of Shoe B's accumulated

_revenue positive?

e. Estimate how fast Shoe A's accumulated revenue was growing 6 weeks after its
release. (Include units of measure with your answer.)
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Informal Calculus I
Problem 3 '

The first day of this scho,dl year each child was sent home with information about free or
reduced rate meals. This information included the income chart below and the statement
"If your total household income is at or below the amounts on the income chart, your child
may receive free or reduced meals (40¢ vs $1.15 daily for lunch and 20¢ vs 50¢ daily for _4
. breakfast)." | . '

INCOME CHART
Household Size 1 23 4 5 6

Annual Income () - 12,895 17,446 21,997 26,548 31,099 35,650

- a. What is the rate of change (derivative) of annual income with respect to household
size? (Give units of measure.) Briefly explain how you arrived at.your answer.

b. If the Johnson household's annual income is $44,000.and their household consists of -
" 8 persons, extend the income chart to determine if the Johnson children are eligible for
free or reduced meals. Explain how you arrived at your decision.
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Informal Calculus I -
Problem 4

The air temperature during a period of 12 hours is given by the model
T=52+4:-0252

-where ¢ is measured in hours after 7 AM and Tin degrees Fahrenheit.

80-.

50 ¢

401

Temperature T

in degrees Fahrenheit

30 -
20t

10t ) _ Time ¢t in
: hours since
T T L] T L] L] L] ¥ L] L] T L 7 AM
0 1 2 3 4 5 6 7 8 9 10 11 12
7AM Noon B 7PM

a. During what hour is the temperature increasing most rapidly?
b. At what time is the temperature not changing? -

c. What is the average rate of change of temperature between 10 AM and 2 PM?
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Informal Caiculus I -
Problem 5

The profit, in thousands of dollars, realized by a certain corporation from 1980 through 1993
can be modeled by the function ' .

p(x) =1.48%3 + 26.64x2 - 48.84x + 33.81
“thousand dollars where x = 0 at the beginning of 1980, x = 1 at the beginning of 1981, etc.>

a. How fast was profit changing at the beginning of 19907.
b. In what year was profit growing most rapidly?

c. What was the maximum amount of profit realized?
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Answers
Informal Calculus, Volume I

Problem 1 _
Concepts:  Understanding rate of change, relation of the graph of a function to its
slope (derivative) graph
Answer: d
Problem 2

Concepts:  Graph reading, slopes of 'tang-ent'lmes inflection point, relation of
" derivative graph to function graph, numerically estunat.mg the slope of a
tangent line

Answers:  a. Shoe B
~ b. Shoe A
c. 3 weeks (may vary slzghtly)
(L 0 to 10 weeks :
e. 12,000 dollars per week (answers will vary slzghtly)

Problem 3 _
Concept:  Constant rate of change

Answers:  a. 4551 dollars per person because the increase in annual income for
' each additional person in the household is the constant value 4551

b. For each additional person in the household, the annual income in t
" he chart increases by 34551. Thus, for 8 persons in the household,
the maximum income for eligible house holds is 35,650 + 4551(2)

= $44,752. Yes, they are eligible.

Problem 4 _
Concepts:  Slope of tangent line, derivative formulas, slope of secant line
Answers:  a. During the first hour (between 7AM and 8AM)

b. 3PM

c. 15 degrees per hour

_Problem 5

Concepts:  Optima and inflection points, derivative formulas

Answers:  a. 39.96 thousand dollars per year (339, 960 dollars per year)
b. 1986
c. $750.13 thousand dollars ($750,130 dollars)
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Sheet1

Calculus Concepts: An informal Approach

Test Questions

Ciemson Spring 1995 N = 271
Correct Correct, No response ‘iincorrect
Wrong Units
Problem 1- 111 160| .
Problem 2a 262 9
Problem 2b 266 5
Problem 2c - 220" 51
‘tProblem 2d 120 1 100
Problem 2e 142 15 114
Problem 3a 191 60| 20
Problem 3b _ 240] 6 1 24
Problem 4a 156] : .103
Problem 4b 167 1 12 103
Problem 4c 150 19 102
Problem 5a 121 25 - 125
Problem 5b 130 3 1 137
Problem 5c 130 11 1 129
' |
Correct . | Percent Correct
Problem 1 : 111 41
Problem 2a 262 97
Problem 2b 266 98
Problem 2c¢ 220 81
Problem 2d 120 44
Problem 2e 142 52
Problem 3a 191 70
Problem 3b 240/( 89
Problem-4a - 156 58
Problem 4b 167 62
Problem 4c 150 55
Problem 5a 121 45
Problem 5b 130 48|
Problem 5¢ 130 48]
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Calculus Concepts: An informal Approach

Test Questions

Kennesaw ISpring 1995 [N = 27
Correct Correct, No response |incorrect
Wrong Units
Problem 1 5 22
Problem 2a 25 2
Problem 2b 26 1
Probiem 2¢ 24 : 3
Problem 2d 16 ] 11
Problem 2e 13 3 11
Problem 3a 23 1 1
Probiem 3b 22 3
Probiem 4a 0 0
Probiem 4b 0 0
Problem 4¢c - 0 0
Problem 5a - 26 1
Problem 5b 11 11 5
Probiem 5c¢ 10 15
Correct Percent Correct
Probiem 1 5] 19
Problem 2a 25 93
Probiem 2b 26 96
Probiem 2¢ 24 89|
Probiem 2d 16 59
Problem 2e . 13 48
Problem 3a 23 85
Probiem 3b 22 81
Probiem 4a 0 0
Problem 4b 0 0
Problem 4c 0 0
Problem 5a 26 96
Problem 5b 11 41
Problem 5c¢ 10 37
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j Calculus Concepts: An informai Approach

i
|

Test Questions

East Texas ISpring 1995 [N = 16
Correct Correct, No response’ |incorrect
Wrong Units
Problem 1 5 11
Probiem 2a . 15 1
Problem 2b | 16 0
Problem 2¢ I 12 4
Problem 2d 8 2 5
Probliem 2e 6 2 "8
Probiem 3a 7 7 1
Probiem 3b 16 0
Probiem 4a 2 13
Problem-4b 4 1 10
Problem 4c 2 14
Problem 5a 4 1 10
Probiem 5b - 3 27 20
Problem 5c¢ 2 2 4 8
Correct Percent Correct
Problem 1 5 31
Probiem 2a 15 94
Probiem 2b 16 100
Probiem 2¢ 12 75
Problem 2d 8 50
Problem 2e 6 38
Probiem 3a 7 44
Probiem 3b 16 100]
.|Problem 4a 2 13|
Probiem 4b 4 25
Probiem 4c¢ 2 13
Probiem 5a 4 25
Probiem 5b 3 19
Probiem 5c 2 13
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Calculus Concepts: Traditional Approach

Test Questions

East Texas Spring 1995 |N = 20
Correct Correct, No response |Incorrect
' |Wrong Units ’
Problem 1 2] 18
Problem 2a 20| 0
Probiem 2b 20! | 0
Problem 2¢ 8 | 12
Probiem 2d 1 5 3i 11
{Problem 2e 0 ' 4 16
Problem 3a 6 . 7 6 1
Problem 3b 13 4] 3
Probiem 4a 4| 3| 13
Problem 4b 3| 1 5 11
‘|Problem 4c 1 1 2 16
Problem 5a. 0 1 12 71
Problem 5b 0] 0 14| 6
Problem 5c¢ 1 0 10 9
Correct |Percent Correct
Problem 1 2] 10.00
Problem 2a 20 100.00
|Problem 2b 20 100.00
Problem 2¢ 8 40.00
Problem 2d 1 5.00
Probiem 2e 0 ~ 0.00
Problem 3a 6 30.00
Problem 3b 13 65.00
Problem 4a 4 20.00
Problem 4b 3 15.00
Probiem 4c 1 5.00 i
Problem 5a 0]. 0.00 !
Problem 5b 0 0.00 !
Problem 5c 1 5.00 |

Page 3
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ICalculus Concepts: An Informal Approach i
. I Test Questions i
! | 3
Greenville {Spring 1995 |N = 33 : |
" Tech | L |
Correct iCorrect, No response lIncorrect .
[Wrong Units i
: : | : ! i
Problem 1 17+ i 16
Problem 2a - . 33 i 0
Probiem 2b . 33 ! 0
Problem 2¢ 20 '% | 13!
Problem 2d 23 BE 10|
Problem 2e . 18| 3 : 12|
Problem 3a . _ 29| ' . 1 4]
Problem 3b 30| - : 3]
Problem 4a 24| s 1 1 . 8]
Problem 4b : .24 : 1] 9l
Problem 4¢c. 20 70 B 6
Problem 5a 20 ' 3| - 1] 10/ .
Problem 5b ' 15 1] 18!
Problem 5c¢ 13 ‘ 3' 4] 71
' I |
Correct  |Percent Correct |
Problem 1 171 52| - ' |
Problem 2a 33 100 '
Probiem 2b : : 33| 100
Problem 2¢ ' 20| 61
Problem 2d 23] 70 :
Problem 2e 18 ) 55 |
Problem 3a ' 29 88 3 [ i
Problem 3b 30 91] - |
Problem 4a 24 73
Problem 4b 24 73
Probiem 4c 20 : 61
Problem 5a 20 61
Probilem 5b 15 . 45
Problem 5c¢ 13 .39
I - '
| |
l |
i |
| . f
i )
|
}
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Calculus Concepts: An Informal Approach

Test Questions

Elon Spring 1995 [N = 25
|Correct Correct, No response |Incorrect
' Wrong Units
Problem 1 12 12
Problem 2a 25 0
- {Problem 2b 23 1 1
Problem 2¢ ~ 20 5
Problem 2d 14| 10
Problem 2e 13 2 9/
Problem 3a 21 4 0
Problem 3b 23 2
Problem 4a 12 13
Problem 4b 18 7
Problem 4c 14 1 9]
Problem 5a 10 1 14
Problem 5b 13]. 12
Problem 5c¢ 15 10
Correct Percent Correct
Problem 1 12 48|
" |Problem 2a 25 100]
Problem 2b 23 92
Problem 2c¢ 20 80
Problem 2d 14 56
Problem 2e 13 52
Problem 3a 21 84|
Problem 3b 23 92|
Problem 4a 12 48
Problem 4b 18 72
Problem 4c 14 56
Problem 5a 10 40
Problem 5b 13 52
Problem 5c¢ 15 60

Page 5
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Calculus Concepts: An Informal Approach ;
‘ | Test Questions § i
| i . i i
College of iSpring 1995 [N = 119
Charleston | i |
Correct Correct, No response |Incorrect i
Wrong Units | . |
) I
Problem 1 46| , ' 73]
Problem 2a 118 ' 1]
Problem 2b 117 ' b 2|
Problem 2¢ 103 - : 15;
Problem 2d 84 2 : 33|
Problem 2e 68| 2 . 49
Problem 3a ' 83 14 ' 22
Problem 3b 104 1 14]
Problem 4a 63| : 1 1 . 54]
Problem 4b 80/ 4] 35|
Problem 4c 60| 3! 2 54
Problem 5a 64 8 1 46
Problem 5b 64 . 1 5] 49
Problem 5c¢ : 44 4 6 65
Correct 'Percent Correct
Problem 1 46 ) 39
Problem 2a 118 99
Problem 2b 117] 98
Problem 2¢ 1 031 87
Problem 2d 84 71 % |
Problem 2e . 68 57 ' i
|Problem 3a - 83 70 |
Problem 3b 104 87
Problem 4a . 63 53
Problem 4b 80 67
Problem 4c 60 50
Problem 5a 64 54
Problem 5b 64 54
Problem 5c 44] 37 |
: i |
! | !
' | |
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|Calculus Concepts: An Informal Approach
| Test Questions 3 3
ol
Lenoir-Rhyne -|Spring 1995 |N = 27 /.
: | i
Correct Correct, No respons( Incorrect
Wrong Units |-
i
Problem 1 15 12|
Problem 2a 26 1]
Problem 2b 27 0
Problem 2¢ 26 g 1
Problem 2d .21 1 1 4
Problem 2e . 5 4 1 17
Problem 3a 16 10 1 0
Problem 3b 26| 1 0]
Problem 4a 13 3 11]
Problem 4b 14| 5 8|
Problem 4c 6 5 16]
Problem 5a 10 2 ! 15]
Problem 5b 8 2 3l 14]
Problem 5S¢ 6 4 3 14/
Correct | Percent Correct
Problem 1 15 '~ 56 |
Problem 2a 26 96 |
Problem 2b 27 100 I
Problem 2¢ 26 96
‘Problem 2d 21 78 i
Problem 2e - 5 19 i
Problem 3a 16 59
Problem 3b 26 96
Problem 4a 13 48
Problem 4b 14 52
Problem 4c 6 22
Problem 5a 10 37
Problem 5b 8 30
Problem 5¢ 6 22 |
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Critique of Math Science 102 and 207

These two math classes took a very different look at calculus in a way that
relared very well with my learning styie. 1 lcam_best by understanding hdw a
- cerrain thing is used in real life. That is exactly the whole pﬁrposc behind the 102
and 207 procedure. The infonnaﬁon and formulas are given to the studentma -
real life manner Vand' we have to interpret the dama and crunch the nuﬁxbers in ordér
to make the data understandable to someone we might be prcsmd;:g 1t to or even
to ourselves.

This is where the presentations inv 102 came in. This really madc-mc realize
that this course wﬁs truly preparing me for d-lc fu'ture' n buSinc_ss. It all @dc sense
In my head thar I was domg these formulas and calcﬁlan’o_ns in order to clarify and
make the sales pitch to an investor, so i other words you had to understand what |
ybﬁ Wwere saying. |

To sum up evem:hmg [ feel thar the way 102‘ and 207 are set up 1s great. -ItA
helps me to understand what I am doing and many time piék up the procedure on
the first try becanse it is practically common sense. I think it should the program
should stay at Clemson (even though I didn’t do 2l thar great), and I am sure it
will quickly become popular at other scho.ols. Thanks to all the professAors‘for all
there hard work in locating all the recent dara and aplying it to the calculus.

problems.
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Over all, [ felt that these ciass@s we= e"=2ctivz in T=at it established a
certain way of thinking. Realistcailz, | wii probab newser use most of what
we leamed mn the class, _b_ut [ wiii use the ":ou?'-.-t_ pricessas thar were needed
to complete this class. As far as the salcuator dase: issu=, [ have mixed
feelings about it. On one hand : theaght = was gooZ mc made the cléss

- much easier, though on the other hamd it zok —e 2 =hile 10 really learn to use -

the calculator which hurt me in the Segirmg.

I have never
taken the more btraditio::al scurses vhez2 th: c'?.'_'_:u:-.atorAVa's not
used, or derivétives taughé wi=h ro_es =and ca2g=lations to
follow. Although this methcd s=2s msed Zor =c .ong, using the
- calculator is allowing étuc’ents tec ez=m 2:if practice in a more
'computarized gociety. All =makz secsic=s z=2 a-.;plicatiovné wiil
eventually become compz_:er‘.':ef' sc - ==ink zha< learning it
slowiy now will really end =p Zelpi=g zvervzedw in :hé long
run.. Students are taught sz umdersstam= a=n: i':'-.:erpret the math
applicationé‘ and not just now To parifcTm ::_s» t=sks at hand .and

get an answer.

- I feel that a good job has be=n doze iz the ~—vamping of the courses'
curricufum. The materiai is prese=ted = 2 logez! :nd =ohereat fashion, and
makes it easier for the acnsciznce meior 12 T= sucmesszl. Tae use of the TT-
82 dramatically reduces the munczae, ¢ T—nesxisar memorizaion that
the course sormally requires. Wiz z 7= ermseprms, SITHSC 1027207 1s

nearly flawiess for the ccmmizec suc=
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In takingimy first two math courses in business calculus

‘this ygar I féel I have learned much more about calculus. I
had very little experiences with calculus in high school,-so'
in 102 I had troubkle at first ca*:ching on:with derivatives,
I remember doing tﬁose type problems and wondering how I would.
ever use.thege skills later on in my working'career with a
-texti;és'maﬁor. Later on in the class I had a had time-with
tha final parﬁ of our projeci with the Ca;olina-clemson T-shirts.
'I didn't understand how to do the second derivative and apply
it with the cost, demand, revenue, andiprofit funétions to find
the maximum profit. As far as the proiject, I felt there could
have bean a better-examplé to use or mavbe everyone could have
been given the same information on how many students tiere were’
and all of ﬁhe other things we were su?@osed to geﬁ on our own..
Also I falt my inst:ﬁttof did not go over'it enough‘in'class.

This semester in 207 I have done much better, and I have
enjoyed taking the class. I was.glad to find ouz that we did
not have a project-to do this ‘semester. As the class prograssed.
through the semester, I'began to see how all of this mess comes
together into something that I ;ill be able to use.in the future
of my career. ; fslt'my téachef has done a good job in explaining
the material. -

As far ‘as the use of the c&lculat&r in these two classes,
I ?eel that it has been a great help. I think that it eliminated

-

a lct cf long handwritten probliem sclving. I am glad that I

was able to use the TI-82 fcz- these classes and without it I

would have been in some orouble.
a4
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Critique of Caleuius Reform Class

] tooL MTHSC 102 elsewhere as 2 waditonal math class. It was very challenging
for me. It took most of thg semester befpre ] figured out what we were domg and why. I
like the Calcuius Reform Cla.%s much berer. I have e good grade, ! understand wﬁaf’s _
going on and when tl_:\_e things we lca.m'\-vill écrually be used in ;‘real life”. Most students,
at one time or gnothcr, ask “when will | really \;I.SC this smff?”. 1 took the éppfoach for
MTHESC 102 that [ really v'véuld never use it, I had to take the class because it makes me
think and 1t’s rcqmrcd. In the reform class. | see that what we leam can be applied to the
real worid Although, there are usually easier, more exp.dmm ways to get the desired
results (like a. financial calculator or a computer program) that ‘will probably be utilized

in 2 work environment.

Allinaﬂlthinkthcoourse.was_veryeﬁ‘ec:minwha:itv&asuyingto do. The goal of the
course was to give busmess mﬁjors an idea o_f-hgw 0 épply micuius'concepts to business. At first
Ithoughtthm would be no way to apply math to the "real world” but I can honesdy saythaxthis
course has shown me’that you can apply math to business. A;sabl,xzmmssxma.‘;cn'Iv»vcmlc'lumt:h
ratherta.kcthiscmusethnnwastemytimcwithahighlevdnmhcoursethatwdlmaﬂy do
aEsolutely nothing for me other than stress me out. This course was very fair along with teaching

me a lot.

BEST COPY AVAILABER

The project I did last semester in 102 was a good way of applying wihat [ leamgcx in the

1 ~ . ~ . . . .‘ - . - . .
Y ' reai life scenario. [ feel that the presenianon ‘hat 2ccompanied this project
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Calculus Evaluation

caiculus is 3 difficult_ma;h claés if i+ {s not one of-you
strong subjects- Since i cpok it in higﬁ school as 2 senior.
with out a calculator i¢ was much easler to understand in
cecliegs. There is less frﬁstration,of dealing with the
algebraid equations because You enter them into the
calculator. I nave done nuch betcer in my math clésses in
collage than I did in high school for the simple fact that
ycu make 1ass mistakes and the course is set SO that the
calcﬁlator will be Lo four adwvantage - There was L18SS
siguring out of egquations and more £ocus on_functions and
graphs. To me that makes more sense pecause you will use
tnat in everyday 1ife. I think the pook was very easy to
gnderstand and that helps when math is not yoﬁr favorite
subject. The simpie équations as examples helped to put a
soreign idea into perspéctive. Math 102 ﬁnd 207 as a course
waere set up in a way that studénts.could unders;and and do
well in. That is én important factor pecause ye have to many

courges were the class is almost impossikble to understand

and the book does not help and neitcher does the instructor-
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To: Don LaTorre
From: Heidi Staebler, East Texas State Unuversity

Student Comments oﬁ the Survey

- I was scared of calculus - that word. But this course was much easier than any
math ['ve ever had. It's more logic than x's and #'s.-

- gbod Course, fun to learn

. 1 feel that | needed & few more examples in some of the sections. got a little lost

toward the end of the course.

. This course is a good learning expenience for students with any kind of business
major. It propares them better for real life situations and is beneficial to train the
thinking processes to deal with situations. : :

This person marked “easier” for 7.) but commented - "but still hard in piaces." .

He/she also wrote "dont know" for 8.) but commented - T think I learned more in

this class than -1 would have in a traditional section of this course:” '

Finally this person wrote the following: - More descriptive examples in the book - |

would be helpful to understand derivatives. Ifound the readings in these chapters
very confusing (1 could not tell how to do the problems just by reading.) I had
never been exposed 1o the idea of derivative, therefore, I think some step by step
examples with numbers instcad of words, would have been more helpful in the

_chapter about product rule. chain rule, etc. Overall. I've done.better 1n

understanding this material than [ usually do in a math course.

- This is a god send course for those who are not algebraically inclined and who

get very intimidated by rules and procedures.

- The graphics calculator should be usad in the classes below and above this class
to learn how to model more efficiently and more complex problems also should tie
in with statistics courses. '
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More Student Comments on the Survey '-

ln the following commems I have added some comments of my own. My
eomments are in {}. - Heidi :

- I do believe that the graphing calculator is an invaluable tool. However I have
conflicting feelings about the use of a calculator in general. | feel that a student
needs 1o know how to use a calculator, but often the use of calculators have a
tendency to make us lazy. then when we forget to bring it, or the battery goes down,
there aren't many of us who can do things by hand. On qucstion #8 I put leamed
less because of the following resson's. I have had Cale. | traditional { I think this
individual means mainstream not husiness calculus}. 1didn't learn any more hut |
didn't learn any Jess and I do have an opinion so ['put learned less. Something I

U aloc

would like to see having learned the product rule in the raditionsal manner, | have .

mermorized the product rule you have in the book, but I will have to go back and
relearn it in the traditional manner to £0 on with my Calc. IT and Calc. ITI. I havea
business major with math minor. When [ tried to remember the quotient rule I got

I backwards, and one of the math professors said it was because of the way [

memorized the product rule. He said it was backwards, but when I showed him my
book he agresd that I had memorized it in the proper manner,

{1 think this student is complaining bscause of learning (fg) = f' g + f & in this

course rather than somethung which is somchow more similar w the numerator in

the quotient rufe?! Ifthis is 2 souree of difficulty for the student in Cale. I and III,
then the studettt is probably going to have some very major difficulties anyway!}
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' ilearzed Jess

ny thoughtful commenzs you may wish 10 make.

Survey Sheets.

“ I back of the book in order to check those unsure about while doing
too hard to follow along the examples given were too difficult to
. w material. New material examples shoutd be basic.

Ll :/,/A‘o/éf% L -“-’ tuations. These made ths -material less abstract and more

< book ME IS o

Cwers Lhis 78 502 the
e LW oKk oVvLy “;9/‘7:'_
' av &~

S-‘Q‘.,_\_eo-rmc;*'lzf\

the Srooe™TFT L intelgun <,

cok iggooé\'
Cood Job

"‘-"- ‘,.'VDV'VJ(/-} a,;& \f‘}qe {)’Um["‘)’

c{(’r'_f_ *lm’ .

oL vl g . Mgy
plrming fle P Frcoe TALD

'
)

se | had very little exposure to Calculus. | do feal like this is a

enginesr fields.

s o do the same problem, this makes it vary confusing.

explain the material well, and-that the instructor needs to clarfy
|
ore. the other 2 .times were the traditional way and | simply

at all. With the new course | understand it perfectly and | can
the first time. The first 2 times | wondered when | would ever

w if homework is done correct or incorrect by student

ningiul if a study guide and answer are provided to check

ag with political issues is not relevant to the study of math.

at affected the data?" The text should also include more example

yroach to calculus, but the text is lacking greatly. The text needs
iexampies given and the homework problems. Don't atways

- dle 1o figure out these unfamiliar concepts on his/her own.

0 teach themselves. We pay instructors to instruct and not to sit
the students to leam the concepts on thelr own but also o teach

i
z

3 text made undersianding the material much easier. ! epplaud
e text. When | iransier ic Clemson University | hope thati my
se B tex: much like the one | used in Math 130 at Grzenville
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It would be helpful 1o have the answers to the probiems in the text so we could check our answers.

It would be nice if the answers to some of the problems were in the back of the book.

- A good way to improve the book would be to supply answars in the back of the book whenever
possile. With answers students can check their work and have a goo feel for how they are doing.
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(Answer this question ONLY if your cl2ss studied integrats.) Our approach 1o in
ocus on understanding and interpreting the integral as the resuli of chinge hsread of ac a

colleduion of rules and procedures for evaluating integrals. To what extegrdo you agree with

Swongly Disagree

Strongly Agree Agree

LT

7. What i your assessment of the
of the more raditional versio:

Disagree Stuongly Disagree

s cowse, compared to your perecptions

much easier /uicr no opin/jon harden much harder
| i
8. Are you learnip§ more, or learning less, then cornparable stadents in more

sections 7&’5 course?

/

/s

/ |
i leamed mo no opinion [ learned iess
. ! 4 -

ional

Thank you for your time! We will also appreciate any thoughtful commenss you may wish to make.
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APPENDIX III-O

1994-95 Pilot Site Interview Summaries

Interviews conducted July 28-30, 1995
Calculus Concepts Conference, Clemson SC
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University of South Carolina - Aiken

USC-Aiken has about 3500 full time students in their undergraduate program. The
mathematics department, which has approximately 13 faculty, also houses computer
sciences, astronomy, physics, and a transfer engineering program. Up until this point, the
university has offered only one 3-hour credit course in Business Calculus. They offer two
to three sections in the fall, three sections in the spring, and one class in the summer. E

- They ran a pilot section in the Spring and Summer of 1994. No projects were used
during these classes in order to get into integration topics at the end of the course. Students’

. grades were better in the pilot classes using the Clemson Project than they were in the

traditional course. The instructor had previously taught Business Calculus with the
computer program MATHEMATICA and found that was not the way to go. He had a good
experience with the graphing calculators. 4

USC-Aiken will be teaching two project sessions this fall. The instructor thiat ran the
first pilot course will teach one section, and the other will be taught by another instructor that
attended the conference. There are hopes to incorporate student projects this semester. V

Some of the faculty at USC-Aiken have had some opposition to using these materials.
One of these professor's area of interest is engineering. He is currently finishing up his
Ph.D. in this area. He taught a traditional Business Calculus course for the first time last
Spring. He said his opposition to the Clemson Project came from the fact that this was not
the way he learned calculus. However, he is glad that he came to the conference. He said
that although he is not teaéhing the course this fall, he has had to.rethink the way he will be
teaching Trigonometry this fall. '

Elon College

Elon College is a small liberal arts school of about 3500 students. It has an MBA
program and recruits mostly form the Northeast. The Math department invests in trends:
groups, writing, technology. They require calculators in all their classes now: HPs and TI-
82s. Several people also use a statistics package called MINITAB. | .

The instructor that represented Elon went to Columbia for a workshop where Don
LaTorre was giving a seminar. She asked if she could pilot it at her school. Elon has a four
semester hour course in Business Calculus. Traditionally, most students in this course are
business majors. Her course does not get into integration.
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In the fall of 1994, this instructor taught the course. She did a project in which a

_professor from the Economics department assessed the students. They were very creative

projects, but took up a lot of time. In the Winter term, another professor at Elon taught a
short session course with the materials. He had a decent time with it. Instead of a huge
project, he sent students to the lib_rary to find a data set of their own, model it, and make
predictions. That Spring (1995), the head of the mathematics department, as well as Leon’s

N conference representative, taught courses usmg the project materials. The department head

did not like it, but gave no explanations why.

The representative said that she gets more comfortable with the materials each time she
uses them. It takes a lot of work, but it is 2 profitable experience. To help her school get
more understanding about the projeét, this instructor brought in Don LaTorre to do an
interdisciplinary workshop at Elon. Those attending were mainly from the Math and

Business Schools. He basically covered using the TI-82s in class, and gave an introduction

to the pI'O_]CC[ He then did a presentation to the MBA people later that afternoon. The

busmess school was quite receptive.

College of Charleston

The College of Charleston has about 8000 undérgraduates and 100 graduaté students.
They have a one semester course called "Business Calculus” that is predominantly composed
of business majors. There are six sections offered in the spring with about 40 students in
each section. We are not sure how niany sections are offered in the fall. They heard about
this project through Iris Fetta. She did an invited workshop on using graphing calculators in
mathematics classes at College of Charleston. She pulled-examples- from this project. The -
reason they looked into the program was that they thought Business Calculus needed to

~ change. They really liked real data sets.

" Three instructors piloted the course in Spring of 1995. These classes met three times a
week for 50 minutes. One instructor said that they just got the materials and dove in. He
covered through Chapter 5 and did a little integratioh. The preparation time was very
demanding. He had no idea what to expect. He plans to teach the course again in the Fall.
He will be the only one using the project materials at this time.

This instructor said that prior to the implementation of the pilot course, the Business
Calculus course was very traditional. His overall impression of the pilot was that it was
hard. It was not a smashing success. He had several étudents drop the course or transter to
regular sections. He had a hard time teaching with the calculator. One has to be careful not
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to substitute mindless calculator procedures for mindless algebra manipulation. To keep this
from happening, he had students put labels on graphs and used test questions that made
students think. An example is finding the maximum of a quadratic function. If one gets the .
wrong window on the calculator, the graph can look linear. He had some students finding
the endpoint of that window as the maximum of the function.

A success he had occurred when one student's mother called the president of the
college. She complained about the his/her failure in the 105 course. ‘The instructors did a
_comparison. There was close to zero correlation between previous grades and grade in the
project class. However, overall GPA had a better correlation.

The class is different. He did not want to use projects his first time teachmg the
materials to make sure he got through integration. He stated that he will do some this Fall.
Traditionally, everyone at the College of Charleston has a uniform final exam. This time
they sat down to try to make some questions for the final exam to be the same for all
Studer;ts.' This was hard to do. He has applied problems whereas the others had more skill
oriented problems. The ten Clemson question were not used by the other teachers because
they felt they were not relevant to their classes. .

This instructor does have some reservations about the project. He feels there needs to
be more algebra. He believes in the power of abstract symbolism. He questions if they are
selling some students short with this course. It has been the opinion of the department that it
is our job to teach mathematics and the business department’s job to teach the applications.
Does the abstract hﬁply application?

He feels that this course is harder than the traditional because of the word problems.
-However some mathematicians would look at the word problems and say that the materials
were "watered down". Some students need this (approach) and some do not. Regardless of
his reservations, he never wants to teach the traditional business calculus again.

Another instructor that piloted the materials got her masters in mathematics from
Clemson a few years ago. She knew several people working with the project. That was one
reason she went to both workshops held by the project staff at the ICTCM conference.

This instructor felt that one of the biggest hesitations they had with implementation was
the fear of not having TI-82s. They had used a statistics package in the computer labs many
times, but scheduling lab times was a burden. She felt she had the least amount of problems
with the calculator of the three instructors. She definitely feels that giving a one hour credit
course for learning the calculator is ridiculous. One learns as they go along.

She thought working in groups was a good idea. She said that her students were forced
to work in groups because they had no solution key to homework problems and she didn't
have time to go over them all the time. The math labs couldn't help these students with their

2235

BRST CNPY AVATTARE IR



problems, so they developed a good network between them as the semester passed. She did |
comment at this time on the large drop rate. Yes, many students dropped the class, but it
was no worse than the traditional drop rate.
When working with materials she stressed units in the problems. They did not do any
projects because it was too time consuming. She hopes that someone will do a workshop on
" how to do projects. Assessment for her came predofriina_ntly from tests and quizzes. You
~ can only get two "thinking" problems on a 50 minute test. She had more success with daily
quizzes. She highly recommends feedback to students and giving them a chance to rewrite
problems. - o
We talked a little about communication for students and how important that was. She
said her most valuable instruction tool in that area was modeling complete sentences on the
board. It took a lot of time and gave you less time to cover more examples. That means that
the students have to read more of the book. She felt that the initial text wasn't that easy to
- read for the weak mathematics student. She wants to look at the current version to see if it
has gotten any better. | _
One thing she would do differently is stress the input/output diagrams from the .
beginning. This would help her students tremendously when they got to ﬁroduct rule and
'composition problems. She said she had a terrible time with her students getting them to
-recognize which was which.
She is really excited about teaching with the project materials next spring.

Greenville Technical College

Across the board implementation happened at Greenville Tech. Their first semester
course has to cove_r-integraﬁon rather thbrbughly for transfer reasons to Furman and -
Clemson. They usually offer two or three sections per semester. The second semester did
not use the project materials. There just weren't enough materials at the time. They
supplemented from Goldstein, a traditional text. A lot of their students come from Furman.
They are older masters students in business who had no calculus.

One of the instructors who was key in bringing the project materials to Greenville Tech
said that it is a real improvement over the traditional. They are handicapped at Tech by
transfer regulations of other schools, so they-must modify the first section. They didn't do
projects because of time constraints. He remembered thinking that this material was too-
trivial at first. Now he doesn't think that.



What he liked best was that problems were concrete enough. If students misrepresentc.d
the problem, there was no argument that they did so. He thought the material was really laid
out well. He didn't give answers to the students. They didn't like this too much. They also
weren't too thrilled with the fact that a question could have more than one answer. ,

He says that implementing the Clemson Project takes a good bit of work. He took
about five to six times longer to prepare for this class than his others.

Lenoir Rhyné College

Lenoir Rhyne has approximately 1200 students. They have undergone a reformation in
mainstream calculus over the past couple of years. First they used traditional book and
wrote labs. This wasn't satisfactory. Then, they used the Harvard model for two years.
Finally, this fall they will take a step back from Harvard and use Smith's book.

~ Business students have usually taken Linear Programming in the fall and then Business
Calculus in the spring. (They may soon make both semesters Business Calculus.) For
years the students hated Business Calculus. Classes ran around 20 students -- none over 30.

Lenoir Rhyne heard about this project at a regional MAA meeting in Tennessee. They
only used the first semester material of the project for their pﬂ_ot in the Spring of 1995. Two
sections of the project was run by the instructor that we interviewed and another instructor
not in attendance. The other instructor was too traditional with the book. The instructor I |
interviewed did not require calculators for this course. He used a statistics -package in the
computer lab for the modeling sections. The students did well. . _

He had some problems with the materials. He really would have liked to see a chart in
the modeling sections that showed the given y and the predicted y. He felt that students’
would have benefited from this. He also would have liked to see the derivative of 2%
developed by use of difference equations since one can use the calculator to show what
happens as 4 gets smaller. He wasn't impressed with the logistic model. The materials need
~ to discuss where the model comes from and include some discussion of differential
equations. He would love to have a quotient rule. One thing he did like -- he got an
education about 'plow sulkies' from one of the applied problems in the text..

He said that evaluation was tougher. He gave tests in the computer room. He also gave
a traditional test on derivative rules. |
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To: Don LaTorre - . June 7, 1995
From: Richard Sauvageau ' '
Re: Evaluation of Caleulus Concepts, second semester

Dear Don,

Since I had the same students first semester as second sémestef, my second

" semester evaluation consisted of the students writing a narrative telling me
-of their foelings and judgment of the course.” As can be expected, many sald
the same thing. I am summarizing many of their comments. (No attempt lm

been mado to 'clean up"' the grammar or spelllng)

"y a_bso!uhly loved this math class. I lmve to say that this was my

favorite math class here at Staples. I leurned a lot and enjoyed coming to

class every day. The calculus Ilearned will help me anytime in the future.”

" This was the most Interestingly taught math class I have ever taken.
Yes, it's hard and yes it gets increasingly tougher throughout the year, but in
# welrd way I didn't mind {t. The book itsellf was good. Hegardiess of the
grade, I really learned a lot as evident to my recent grades on the: SAT H and

coliege placement scores.'
"I liked the amall class size and t!w atmesphere provided by knowing

overybody in the class woll." _
" This was the best math courses l‘ve ever taken. The curricufum was

original and unususl. Iwould have liked more real life applications lke the

‘onos in the flrat semester. I loved the calculator and this will holp me next

year in college."

" It was the: xﬁost lnteresﬁng mnth class I've ever taken "

" This course took & new approach to math, it was helpful.” .
L Uked this course and I think you shonld deﬂnltelly continue it nexd

year."

My opinion: : '
At one point in the clau, I passed out 2 traditional C’alculus book to

Ihtroduce the students same of the other fopics they are likely to encounter in
college. They unanimously hated 1t! Without exception, they asked where
were the "real " 1ifo applications to some of these topics. One example was

logarithiaic differention. " This stuff is really stupid, when will we ever use it"

Why don't moy give us uses” was typical of the classes reaction.
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Havtng taught A¥ Calcutus for 2 number of years, I must say that the
Calculus Concepts material is unique and interesting. I really enjoyed

_ teaching and lsarning the material. The one word that 1 feel indicates the

entire course 1s relevancs. The students could see real applications to math.
This is an area sorely missing in the high school curricuium, 1 don't feel the
need or desire to go back to the traditional Calculus curriculum. } would be
bored proving formulas and then assigning ten "plug it in and grind i¢ out
vatiety' probiems for homework.

I feel the second scmester needs some work. I missed not having
projects to assign to the class. The projects were highlights of the first
semestor. The students presented their profects to assotted teachers and
administrators. Nothing but rave reviews from all evaluators! I'in assuming
the writers have worked on the second semestor course and next year there
wiil be improvements. '

Over the coum'of_the year, 1'm shared the course with various high
school math teachers and most of them indicated the need for a non-
traditional AP curriculum for some of their students. All were very much

_impressed with the contents and the scope of the problems incorporated in the

" text. Several asked me for copies but [ had agreed not to share the text with

other schools. 'I know one school will be ox-derlng the taixt for next yesr.

S () summury, alculus Concepts fms [} much needeil gap for some high
school students, The students involved with this years pllot loved the courss

* and enrollment for next vear has almost doubled. I assure you, if the course

weren't successful, enrollment for next yeer would be down. I look forward te
the revised text and look furward to teaching it next year.

If 'I can answer any questions or you desire further information, ¥ will
be happy to supply it. :

Slnce1 elv,

- Rlchnrd Sauvageau
228 Math teacher .
taples High Schood

Westprort, CT. 068U



P

STATE OF CONNECTICUT PN A
MANCHESTER COMMUNITY-TECHNICAL COLLEGE :
P.O. BOX 1046, MANCHESTER, CONNECTICUT 06045-1046 _— Q.J/"

(203) 647-6000
June 7, 1995 _ - FAX (203) 647-€238

To: Don LaTorre

From: Xathy Peters _
Manchester Community Technical College

Re: Calﬁulus Concepts

Teaching 2 sections of Applied Calculus from this book was-a terrifically
positive experienca for me. Following this experience, I would not want
to return to a traditional approach. In this one semcster ¢ourss, the
students seemed to have a strong understanding of the concept of rate of
change and were on their way to understanding the concepts behind the area
under 8 curve when the semester ended. I have taught Applied Calculus ._.
many times on saveral caspuses and heve never seen the conceprtual under= .
standing that the 2 classes demonstratad this year. At the end of the
semestor, I asked them to do Problems 1.2.3.4.,5 from Volume I and 1,2

from Volume II as an overnight assignment that wes graded as one test,

T was pleased with the results. On all questions, I asked for suppezt

and explanation of their answers. - ' '

Voi. I (1) Most chese correctly, but some explanations vere incomplete.
(2) This question was easy for all of the students and mostT answerad
all parts correctly. ' - :
(3). The students uniformly answered part (b) correctly. 1In part
- (a), some said the units were dollars per household-(instead
of dollars per person). .
(4) (a) Many gave one exact time, not an hour of time.
{(b) Almost all answvered correctly. '
(¢) Almost 211 answered correctly.
(5) This was the hardest question. Pert (a2) wes handled uniformly
well, but the support for the answers in (b) and (c) was
awkward and incomplete on many papers, although most gave
correct answers. ' . . : -
Vol. II (1) All knew how To extinate and mést got the correct: estimate. C
.. (2) All knew the mezning of the 160, but some. said the coin's
: value in 1991 was 660.° 7 %o -7 T - -

The student surveys indicated that the majority felt algebzaic mgnipulation
was de-emphasized, a modeling approach was used, and that the focus was on
interprecation. All agreed thet the use of the calculator was. valuable.

- One-half of the 40 who responded felt that this course was easier than a

Post-It™ nrand fax iransmitial memo 7671 |# ot pages + 3

* D;:s} L&—B LAY From T ‘PQ‘LL\-C-

Ce. n(_hrt_, . Ce. C§+ELQCQV\ 2
Dept. '\1;4 7_,1/‘ Phonoﬁm_%‘m_mg
038l 30 [ 034 =Y F/
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traditional.cou;se and that they learned more than students in a traditional
course. Of the other half, most ha¢ "no opinion," '

In my opinion, the course as I taught it from this book was very successful
and I thank you for-the opportunity, As I said earlier in this letter, I
fael that %o now teach from a traditional text would mean for me a giant
gtep backward. : :

If you require more specific data, please let me know. I'm at home for
the summer at 203-450-1629, Also, is there going to be s field test
conference in July? If so, T think I'd like to attend - if I'm inviced!

AT N

Thanks againf
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May 18, 1995

Donald LaTorre
Department of Mathematics
Clemson University

104 Martin-Hall
Clemson, SC 29634

Dear Don,

Thank you for allowing us to test the materials you have designed for
teaching calculus to the liberal arts student. CALCULUS CONCEPTS: An
Informal Approach allowed us to cxperiment with technology and focus on
~the conceptual aspects of this course. ~We chose to require a TI-82 for the

course and used it during lectures. ~Some of our students had other
calculators, but the majority used the "82."  After overcoming the initial
shock of having to learn how to use the calculator, many of my students
came to love it. However, there were many who did not master the course
or the technology. Our Business Majors are required -to take this course, but
they often do not have an adequate background in algebra, even for this
course which is not algebra intensive. Despitc your efforts to-produce a text
which could be used by the ‘students, ! think many where frustrated becausc
there was too broad an approach to the topics and not enough examples. |
enjoyed teaching using this approach, and | do think ‘this is much better in
teaching how calculus is more than an abstract term. What follows is my
random thoughts for improving the text. We plan to teach a few sections in -
the fall, provided the text is. available. A

Although the book does not require a specific calculator, it would
greatly improve the course if specific directions for the TI-82 were provided
for the students, Designing handouts on calculator usage was & time
consuming task which need revising after the first use.

In the initial portion on functions, modeling from word problems
needed more emphasis. - The sections on derivatives of products and
composition functions could have gone smoother if they understood how. to
determine the model. Many students did not know how to form the model,
even if the functions were given,
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Learning to reaé graphs was a good point. but leerning how o solve
problems graphically by sciting an equziion t¢c O and finding the x-intercepts
could have been explained as well 2s finding points of interseciion.

~ The modeling could have been more connected with the calculus, but I
believe my students finally understood using a model as 2 predictor and how
graphs suggest behavior morc than cherts and raw date. Determining the:
differences between liriear, quadratic, cubic and exponeatial models gave
them a significant understanding cf greshs, (which surprisingly had ‘not been
acquired in other math courses). - The logistic' model should be inwoduced at
the end of the course when the concepss of calculus have begun to solidify.
" The mechanics are too difficult inidally. '

[ feel - the hands on approach to graphing tangent lines was excellent!

_ The questions about desivative which - were redundant really
impressed upon the students the many interpretations of a derivative.

The problem -with the "formulas™ for derivatives came from the lack of
practice. [ would teach algebraic skills as an "aside” throughout the course
50 that the skills would be sharpened whea they are needed. Recognizing
composition functions and rules for cxponents are “tasks which need
mechanical drill despite of my owsn disike for drll.

On the final exam you asked a guesdon which was not covered in the
material but could heve been inferred. You asked when the rate’of change
was the greatest and never discusssd chiccking end points of intervals.-

~ Teaching to visually recognize points of inflection before technically
defining them was a great idez. '

I liked the sections on integrals but we had to short cut them because
we teach only a one semester couzse.

I found that some of my students were faking their understanding if
they were required 10 write their answers in complete sentences and in
context to the problem. '

. Look forwarding to sesing you this summer. . Thanks sgain for all

your help. : :
: Sincgrely,

Nancv Mzuldin
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COL Lk G E
THE MARTHA AND SPENCER LOVE SCHOOL OF BUSINGSS ) Juge 7, 1995

Mr. Brian LeKander

FIPSE S

U. 8. Department of Education
7TH & D Street S.W., Room 3100
Washington, DC 20202-5175

Dear Mr. LeKander:

I am writing in support. of Professor Donald R. LaTorre's proposal to FIPSE for
federal funding (o disserninate exciting new materiuls in mathematics recently developed at
Clemson University under a current FIPSE grant. ;

. It was my pleasure to ca-sponsor, with our Mathematics Department, a-visit by
Professor LaTorre lo the Elon Collage campus last October. We had heard of the nnovative
uature of his work from one of owr ath faculty who was piloting his mawrials at Elon, asd
WwC Wert anxious to soc¢ it fot ourselves. - :

Dr. LaTorre made two formal presentations at Elon, in addition to private. _
conversations with many of our math, business, accounting and economics facalty. His first
preseniation focused un mathematical modeling using real-time data in calculus for business
stodents. His presentation, using the markcting cxampic, was so appropriate we asked him
to modify his planned presentation for our 100+ MBA students to inctude the same exercise.
It was enthusisstically received by both students and faculty. There has been, and continues
to be, considerable interest and discussion among our faculty relative to the use of hand-heid
technology and mudeling in vur busiucss schoul undergraduate courses.

I believe the materials developed at Clemson under Professor LaTorre’s leadership are
very valuable to students taking business subjects. “T'he (Clemson approach to calcuius
removes much of the waditions] “fear-of-math” syndrome so prevalent in our society;
therefore, FIPSE is W be cummended for providing the developmental funding, and
Professor LaTorre is to be applauded for bringing an cutstanding "product” tc our students.

Tn sum, I support, without reservation, Professor LaTorre's efforts In seeking
additional funding to continue his excellent work.

/‘incerely,

2lea ol & L s
Richard H. Behrman
Dean

ELON COLLEGE. NORTH CARCLINA 2is¢ 19111 $bnd3b6
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Information for FIPSE

FIPSE’s genuine commitment to quality in undergraduate education has made possible
tremendous change at Clemson and helped us becomé national leaders in effectivelyAusing _
technology in undergraduate mathematics courses. The fact that most of the project
participants have for many years dedicated their careers to innovative teaching methods and
educational service signiﬁca.ntlyaddéd to the success of this and other projects. We were
mildly surprisedWhen our external evaluation team was amazed at how closely the project
materials follow the NCTM and MAA Standards because we did not design the project with
those frameworks in mind. Long years of dedicated effort in teaching had evidently caused
this to happén automatically.

The willingness to include less experienced team members on a large scale has also
proved to be very rewarding to all of us. We have truly had a team effort on this project
with each member of the author team contributing equally. This proved to be extremely
important to the .pr(')ject when Don LaTorre, our directdr, was taken ill and not able to work
with us this year. Even though competing publishers are trying to indicate that the “préject_
is dead” without Don, nothing could be further from the truth. We have tremendously
misséd_his leadership and dedicated efforts, but the author team has continued the project
with great success. We know that it was our involvement at every stage along the way that
made this possible. We strongly suggest that a team of truly involved participants rather
than only one or two principals is very important to the success of any large scale project.

Even though our materials require the use of technology, we purposely did not refer to
a specific calculator or computer in the text because the technology is changing so rapidly
that thé materials would soon be outdated. Yet, students require support in this area,
especially when they are using personal ca;lculators with which their instructor is not
familiar. Calculus Concepts is unique among textbooks at this level in providing a
technology supplement that follows the text discussion and gives instruction for each
section of the text rather than being another version of the manual that comes with the
calculator. This text supplement is much easier updated for popular new technologies than
is the text. We strongly suggest to FIPSE that any fufure projects relying heavily on
rapidly changing technology follow this pattern. -

As previously mentioned in this report, projects must involve communication between
the project participants and their intended audiences. It is not always an easy task to simply
read about a new idea and successfully implement it as desired without support. The
current work on our FIPSE dissemination grant is most certainly sustaining this theory.
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